Removal of selected heavy metals from wash water generated from ready-mix concrete trucks, Dubai, UAE. by Mohammed Abunqira, Imad Juma
United Arab Emirates University
Scholarworks@UAEU
Theses Electronic Theses and Dissertations
2008
Removal of selected heavy metals from wash water
generated from ready-mix concrete trucks, Dubai,
UAE.
Imad Juma Mohammed Abunqira
Follow this and additional works at: https://scholarworks.uaeu.ac.ae/all_theses
Part of the Environmental Sciences Commons
This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Scholarworks@UAEU. It has been accepted for
inclusion in Theses by an authorized administrator of Scholarworks@UAEU. For more information, please contact fadl.musa@uaeu.ac.ae.
Recommended Citation
Mohammed Abunqira, Imad Juma, "Removal of selected heavy metals from wash water generated from ready-mix concrete trucks,
Dubai, UAE." (2008). Theses. 389.
https://scholarworks.uaeu.ac.ae/all_theses/389
United Arab Emirates University 
Deanship of Graduate Studies 
M .Sc. Program in Env ironmental Science 
REMOV AL OF SELECTED HEAVY METALS FROM WASH WATER 
GENERATED FROM READY-M I X  CONCRETE TRUCKS, DUBAI ,  
U.A.E .  
By 
Imad Juma Mohammed Abunqira 
A thesis  
Submitted to 
United Arab Emirates University 
I n  partial fulfi l lment of the requirements 
For the Degree of M .Sc. in Environmental Sc iences 
Supervisors 
Dr. Wal id EI Shorbagy 
Associate Professor of Water 
ResourcesfEnvironmental Engineering 
Director of the Master Program of Civi l  
Engineering 
Department of Civi  I and Environmental 
Engineering 
College of Engineering 
Un ited Arab Emirates Un iversity 
Dr. Esam.A.Abd EI-Gawad 
Associate Professor of Petroleum 
Geochemistry 
Department of Geology 
Faculty of Science 
Un ited Arab Emirates Un iversity 
2008/2009 
Th The is of Imad Juma Mohammed for the Degre of Ma ter of Clence '-' 
in En\ ironmental i approved . 
....... ... ............... ................ � . . . . . � . . . . ��. :::::� . . . . =: .................... . 
Examining ommittee Member, Dr. Walid Elshorbagy 
E. amining Committee Member, Dr. Zein Elabidin Rizk 
....................................... �� . . .   ............................ . 
Examining Committee Member, Dr. Ali AI-Marzouqi 
� 
· · U 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �'"�\) . . . . . . . . . . . . . . . . . • . . . . . 
Program Director, Dr. Tarek Youssef 
Assistant Chief Academic Officer for Graduate Studies, Prof. Ben Bennani 
f\���� 
f', 
United Arab Emirates University 
200812009 
DEDICATION 
This  thesis  i s  dedicated to my great mother, who supported and guided me 
throughout this achievement. 
Without her generous support . . . . . .  The preparation of this thesis  would not 
have been possible. 
Tmad Juma Mohammed Abunqira 
ACKNOWLEDG EMENTS 
I wish to acknowledge my indebtedness to al l people who helped make th is  
thesis possible. 
F irst and foremost, I would l ike to thank my ideal thesis  supervisor Dr. 
Wal id El Shorbagy, Director of the Master Program of Civi l  Engineering for 
h is  supervision, continuous encouragement, insightful crit icisms, invaluable 
advice through the thesis, solving many difficult problems during the 
progress of the project and critical review of the thesis. 
Secondly, my thanks would be also to my senior supervisor Dr. Esam. A. 
Abd EI-Gawad, Associate Professor, Department of Geology, for his 
supervlslOn, sage advice, patience, great support and consistent 
encouragement throughout this work. 
Third, a deep thank to Eng. Hamdan AI-Shaer, Director of Environment 
Department at Dubai Municipal ity, for help ing me in choosing topic for my 
thesis .  
Fourth, special thanks and sincere appreciations to Dr. Omar Chaalal, for his 
valuable suggestions, technical insight, help in  proposing potential treatment 
materials. A lso, acknowledgement is due to Prof. Amr EI-Dieb and Dr. 
Ashraf B idda from the Civ i l  Engineering Department, United Arab Emirates 
University, for their great guidance in  design ing and preparing the critical 
concrete m ix considered in this study. 
F ifth, I am grateful to Dr. A l i  Dowaidar, for h is  help throughout the 
experimental work and performing the chemical analyses of the samples by 
Flame Atomic  Absorption Spectrometer instrument. 
Final ly, J would l ike to express my thanks to my fami ly for their patient 
encouragement and invaluable assistance in carrying out thi s  work . 
ABSTRACT 
Dubai is one of seven Emirates that form the United Arab Emirates. The 
Emirate of Dubai i s  currently undergoing a fast-paced construction boom 
that in olves huge amounts of concrete mixes. Such mixes are usual ly 
de l ivered to the site in  ready form. The major environmental i ssue with 
ready-mix concrete production around the world is water pol lution. The 
wash water generated from ready-mix concrete trucks i s  extremely alkal ine 
and contains significant levels of heavy metals. Removal of heavy metals 
from the wash water is an environmental problem and economic concern. 
Thi s  demonstrates the urgent need for safe, feasi ble and economical methods 
for the e l iminat ion of heavy metals from the wash water. 
The present study aims at characterizing the heavy metals present in the 
ready-mix  concrete wash water with high levels i n  addition to investigat ing 
the most efficient technologies of removing them. 
I t  i s  concluded from this study that ( 1 )  the possible source of potent ially 
toxic heavy metals in  the wash water was the cement sample, (2) high levels 
of Chromium (Cr) and Strontium (Sr) were found in  the wash water with 
concentrations as high as 2 .04 mg/L and 12 .2 1  mg/L, respectively, (3 )  
chemical precip itat ion was the most efficient technique to  remove both the 
Chromium and Stront ium from the wash water, (4) Barium Chloride lowered 
the Chromi um to less than 0.03 mgIL while Disodium Hydrogen Phosphate 
lowered the Strontium to less than 0.2 mgIL.  A conceptual design of a small 
treatment plant for the ready-mix concrete wash water is proposed. 
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CHAPTER I 
INTRODUCTION AND LITERATURE 
REVIEW 
INTRODUCTION AND LITERATURE REVIEW 
In this chapter a brief introduction about heavy metals and their  effects are introduced. The 
ready-mix concrete is at 0 defined along with i ts function, preparation, and envi ronmental 
impl ications. The objectives of the pre ent study and the expected benefits are stated. Also, the 
methodology and the analyt ical methods used in the study are l isted . In addit ion the ready­
mix  concrete wash water characterizat ion is demonstrated. F ina l ly, current hand l ing and 
treatment practices in  Dubai are presented. 
1.1 Problem Statement 
Dubai is one of the seven Emirates that make up the federation of the United Arab Emirates 
F igure 1 .  Construction activ ity in  Dubai is currently at i ts peak. Construct ion on a large scale 
has tru ly turned Dubai i nto one of the fastest developing c ities in the world .  Many areas of 
Dubai are dominated by the large number of construction cranes. I n  May 2006, Emmanuel le 
Landais, aid that accord ing to statist ics avai lable, about 1 25,000 tower cranes are operating 
worldwide. I ndustry experts cautiously est imate that 1 5  to 25 % of the world's cranes are 
currently operat ing in  Dubai , turning i t  to the c ity of construction cranes (Emmanuel le, 2006) 
F igure 2 .  
Water is the source of  l ife and the most precious commodity for mankind. The water qual ity is 
extremely important in our l ives because water is essential to a l l  l ife forms. The avai lab i l ity of 
fresh water is decreasing with continued rapid i nd ustria l ization and urban izat ion in the world. 
Therefore, the urgent need for the treatment of exist ing contaminated water and converting it 
into pure water is evident. 
Cement and concrete are key components of both commerc ial and residential construction in 
United Arab Emirates. Concrete is a v ital component in bui ld ing construction today. The 
demand for concrete has risen rapidly over last five years with the need to upgrade urban and 
commun ity infrastructure such as roads, drainage system, bui ldings, bridges, hotels, houses, 
schools, hospitals and shopping centers as part of Dubai economic development. The ready-
mi  concrete balch plant in United Arab Em irates are huge. The environmental i ssue with 
read -mi concrete production i vater pol lut ion. M ix ing concrete requ ires a great deal of 
water generat ing alkal ine wash water. Washout water with h igh pH is the number one 
en ironmental issue for the ready-mi concrete indu try. 
Water po l l ution associated with heavy metal ions released from industrial wastewater has 
become a serious problem (Al imarin et aI. , (987). The presence of heavy metals in ready-mix 
concrete wash water at h igh levels could threaten the structural integrity of roads, bu i ld ings 
and sidewalks. [t can also contaminate the nearby waterways, soi l ,  and vegetat ion 
(Environment canada's 1 993). This demonstrates the need for control of heavy metals. 
1 .1.1 What are the Heavy Meta ls? 
Heavy metals are those having large atomic numbers. They are widespread in nature. Heavy 
metals have many natural and/or man-made sources from which they can pass into the 
envi ronment. Heavy metals such as Cadmium (Cd), Lead (Pb), N ickel (N i ), Vanad ium (V), 
Copper (Cu) Z inc (Zn), and Chromium (Cr) have toxic effect on the ecosystem (Salomons 
and Forstner, 1 984). 
Chromium is a toxic metal of widespread use. I t  i s  a natura l ly  occurring element found in 
rocks, an imals, plants, soi l ,  and in  volcan ic  dust and gases. Chromium is  present in the 
environment in several d ifferent forms. The most common forms are chromi um (0), trivalent 
chromium ( I I I) ,  and hexavalent chromium ( VI) .  Chromi um ( I I I ) occurs natural ly in the 
environment. Hexavalent chromium (V I )  species are known to be much more dangerous than 
trivalent chromium ( I l l )  species (A TSDR, 2000). Strontium is a natural ly occurring element as 
wel l  and found nearly everywhere but i n  smal l amounts, so a person can be exposed to low 
levels of stront ium by breath ing air, eating food and drinking water. Strontium can exist in 
two oxidat ion states: 0 and +2. Natural occurring strontium is not radioactive and exists in four 
stable isotopes, 84Sr, 86Sr, 87Sr, and 88Sr. Stront ium can also exist as several radioact ive 
isotopes; the most common is  9OSr. Stable stront ium that is dissolved in  water comes from 
strontium in  rocks and soi l  (ATSDR, 2004). 
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1 . 1 .2 What are the Effect of Heavy Metal ? 
Heav metal are classi fied as to ic and dangerous for the human health and environment 
becau e they ha e the potential to cau e con iderable health and environmental problems. 
Mo t of the e metals e.g., Zn, N i ,  Cu, Cd, Pb Cr, Fe, AI ,  and Mn are source of tox icity to the 
envi ronment (E l - ammak and Abdoul-Kassim 1 999). Heavy metals today have a great 
ecological signi ficance due to the ir  tox ic ity, bioaccumu lation in  the food chain and persistence 
in nature. These elements are not biodegradable and undergo a global ecobiological cycle in  
\\ hich natural waters are the main pathways (Nurnberg, 1 984). 
Heavy metals are important sources of environmental pol l ut ion. Some of them can form 
compounds which are toxic even in  very low concentrat ion. Levels of toxic ity can become 
lethal even before they reach humans. Chromi um contamination of the environment has 
become an important issue due to the potential health threat it poses. The presence of trivalent 
and hexavalent chromium in the envi ronment is the cause of many wel l -documented toxic 
effects such as nausea, skin  u lcerat ions and lung cancer (Ramos et a\., 1 994' Richard and 
Bourg, 199 1; Visvanathan et aI . ,  1989). Strontium behaves very much I ike calc ium. A large 
portion of the strontium accumulates in bone. Problems with bone growth may occur In 
chi ldren eating or drinking unusual ly  h igh levels of Strontium (ATSDR, 2004). 
Chromium is inc luded on the US Envi ronmental Protection Agency's (EPA) l i st of priority 
pol lutants (Cameron, 1992) .  International Agency for Research on Cancer has classified 
chrom i um ( V I) in  Group 1 (carcinogen ic  to humans l ist) and Chromi um ( I l l )  i n  group 3 .  
Chromium (V I )  i s  an  establ ished human carcinogen ( IARC, 1 999). Hexavalent chromium is 
also one of the substances whose use is restricted by the European Restriction of Hazardous 
Substances Directive. 
These heavy metals have harmful  effect on human physiology and other biological systems 
when they exceed the tolerance levels. In fact, these unwanted toxi c  metals can also be found 
in the human organs by the means of the food chain involving chron ic  and acute effects. 
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Heavy metal concentration remain a global problem. There is growing concern worldwide 
about level of heavy metals in the env i ronment. 
According to the Envi ronmental Protection Agency ( EPA), the maxImum al lowable 
concentration in  drinking water for Chromium is 0. 1 mglL. The World Health Organ izat ion 
( WI 1 0) international tandards for drinking water recommended a maximum al lowable 
concentration of 0.05 mglL for chromium (WHO, 1 984). For the strontium (Sr), the 
n i ronmental Protect ion Agency (EPA) recommends that drinking water levels of stable 
stronti urn shou Id not be more than 4 mi I l i grams per I iter of water (4 mgIL). 
tront ium is present in  nearly all fresh waters in  amounts general ly ranging between 0.5 and 
1 .5 mgIL. Typical ly, the amount of stront ium that has been measured in drinking water in  
d i fferent parts of  the United States by the E PA is less than I m i l l igram for every l iter of  water 
( I  mgIL) (A TSDR, 2004). 
1 . 1 .3 What is Ready-Mix Concrete? 
Concrete is one of the most common bu i ld ing materials in the world. The basic ingred ients for 
ready-m ix concrete are sand, gravel, cement, water and the smal l  amount of various chem icals 
cal led admixture that control such propert ies as workabi l ity, setting t ime, consistency, air 
content and plastic i ty Figure 3. Ordinary Portland Cement (OPC) is the most common type of 
cement in general usage (K lemm, ] 994). Chemical admixtures are materials in the form of 
powder or fl uids that are added to the concrete to give it certain characteristics and to improve 
the qual ity of concrete during mix ing, transport ing, placement and curing. A wide range of 
chemicals are added to cement to act as plast icizers, superplast ic izers, accelerators, 
d ispersants, and water-reducing agents ( Waddel l ,  1 989). 
1 . 1 .4 What is the Function of Ready-Mix  Concrete Truck? 
Ready-mix concrete plants are the most commonly  used plants by the industry. Their function 
is to combine Ordinary Portland Cement powder with water, sand, gravel and other material to 
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Figure 3: Cement chemical  admixture 
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form the desired mi ture of concrete that can be transported to job si tes for pouring. Water is 
neces ary for clean ing out the m ixer drum after pouring. Truck drum washout u es a 
signi ficant vol ume of water. At the end of the operat ing day, each ready-mix concrete truck 
would return from job sites to the concrete plant for c1eanout. The mixer truck drum must be 
\\.a hed of concrete; therefore wash water generated from the washout of the interior of a 
concrete truck mixer drum was one area of concern ( Field operations of the concrete, 2006). 
In any ready-mix concrete plant, there is always the problem of disposing the wash water 
re u lt ing from c lean ing out the mixer drums. Wash-down water produced during clean-up of 
equipment must be d isposed in a manner that does not and wi l l  not contaminate nearby area. 
Wash water generated from ready-mix concrete truck are usual ly very alkal ine in nature with a 
pH ranging between 8 and 1 2  and somet imes even h igher (Dubai M unic ipa l i ty, 2007). The 
h igh pH is related to a h igh content of metal ox ides. At these h igh pH values, most heavy 
metals in the wash water are considered immobi le. Hence, there is a h igh potential risk of 
harmful  effect on the environment. In several cases, these act ivit ies have resu l ted in negat ive 
impacts on the nearby area. Therefore, there is  a need to develop technologies that can remove 
tox ic pol lutants found in wash water. 
1.2 Objectives of the Present Study 
The overa l l  objectives of this research are firstly, to quantify  the heavy metals concentrat ions 
in wash water generated from ready-mix concrete trucks. Secondly, to analyze the 
conventional water qual i ty parameters for the wash water such as pH, co lor, total d issolved 
sol ids (TDS), and total suspended sol ids (TSS). Th ird ly, to propose su i table wastewater 
treatment methodes) to produce water that can be safely recycled, reused or returned to water 
bod ies without harm. Final ly, to design small onsite treatment plant that is consistent with best 
practices to remove heavy metals from wash water. 
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1.3 Expected Benefits 
After succe [u l completion of this re earch we shou ld be able to quant i fy the heavy metals 
concentrations in the ready-mix concrete wash water. Also we wi l l  be able to design smal l 
wa tewater treatment plant to m in imize the envi ronmental impact of heavy metals pol lution. 
Al 0, thi study can be used to as es possible sources of the heavy metals pol l ution in the 
wa h water and assess current wastewater treatment practices in Dubai .  The u l t imate outcome 
of this re earch is proposing methods to mit igate, e l im inate, and resolve the adverse 
en i ronmental impact of heavy metals pol l ution in the wash water. A lso this basel ine study 
can be used as reference background for future development in the ready-m ix  concrete p lants. 
The treated water can be beneficial for the production of the new concrete in order to solve 
the ir  d isposal problems in an environmenta l ly  susta inable way. In add ition, the reuse of the 
treated drum wa h water for drum washout great ly  reduces the huge vol ume of wash water 
that must be d ischarged. A lso, the wash water generated from ready-mix concrete trucks can 
be reused local ly  for agricu l tural purposes and cars wash ing stations. 
1.4 Methodology 
Upon i nvest igating 1 5  ready-mix batch ing p lants in  the Emirate of Dubai, the study concl uded 
that Ord inary Port land Cement dominates the concrete mixes uti l ized i n  Dubai construction 
work and is originated from four main sources. Th is  includes Gu lf  Cement Company (Ras A l  
Khaimah), National Cement Company (Dubai), Star Cement Company (Ajman), and Sharjah 
Cement Factory (Sharjah). 
In the same manner, the site vis i ts conc luded duri ng the study indicated that the o ldest and 
most widespread company manufacturing the cement chemical add it ives is cal led A l  Gurg 
Fosroc LLC in  Dubai from where four d ifferent chemical additives were col lected and 
considered in the study. The chemical addi tives commercial names are Conplast SP495, 
Conplast SP430 Conplast P2 1 1 ,  and Conplast R P264. 
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The pre ence of heavy metals such as Zn, Ni ,  Cu, Cd, Pb, Cr, and Sr were examined in these 
different cements and chemical add it ives samples. Accord ing to the analyses resul ts, the 
potential ready-mix  concrete de ign was prepared from which typical wash water samples 
were e tracted and uti l ized in  further experiments. 
The pre ence of heavy metals such as Zn, Ni ,  Cu Cd, Pb, Cr, and Sr were examined in the 
untreated ready-mi wash water ample using the Flame Atomic Absorption Spectrometer 
equipment ( FAAS). Parameters such as total d i ssolved sol ids (TDS), total suspended sol ids 
(T ) color, and pH were measured for the prepared untreated wash water sample. 
A number of screening tests were carried out in  order to ident i fy an eco-friend ly and 
economical! effect ive treatments of heavy metal s-contaminated wash water. Final ly, a smal l  
onsite wastewater treatment plant was designed to remove heavy metals from the wash water 
sample. 
1.5 Analytical Methods 
Al l  chemicals used were of analyt ical grade qual ity with a purity greater than 99.9% and were 
purchased from Merck, (Germany) or A ldrich, (Germany). A l l  glassware and materials used in  
the experiments were c leaned us ing disti l led water. The analyses resu l ts were obtained upon 
conducting three dupl icates in each test and the average was taken and reported in this study 
with 1 %  coefficient of variat ion. 
1 .5. 1 Extraction Procedu re 
( 1) One gram of the dry cement sample was weighted and placed in a beaker. 25 mL of the 
concentrated hydroch loric acid (HCI )  was added to the beaker. The beaker was gently 
shaken unt i l  all the sol ids were d issolved. The beaker was then heated to boi l ing on a 
hot plate, then the sol ut ion was fi ltered with Whatman grade no 42 filter paper. The 
filtered l iqu id was transferred to 250 mL volumetric flask and the volume was made up 
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to 250 mL with di t i l led water. A Flame Atomic Absorpt ion pectrometer was u ed to 
determ ine the concentrations of heavy metals in the solution. 
(2) For the cement chemical admi ture samples, 5 mL of the admixture was transferred to 
1 00 mL volumetric flask. Dist i l led water was added to bring the volume exact ly to 100 
mL.  Then, the 1 00 mL volumetric flask was gent ly shaken, after which it was analyzed 
for heavy metals using F lame Atomic Absorpt ion Spectrometer. 
(3) I n  case of fine and coarse aggregate samples, a portion of the dry sample was gently 
crushed in  mortar. One gram of the crushed sample was placed in  the beaker. 25 mL of 
the concentrated hydroch loric acid ( Hel) was added to the beaker. The beaker was 
gent ly shaken unt i l  a l l  the sol ids were d issolved. The beaker was then heated to boi l ing 
on a hot plate. The m ixtures was then fi l tered through a Whatman grade no 42 fi l ter 
paper, and the resu lt ing sol ution was transferred to 250 mL volumetric flask and 
brought to a total volume of 250 ml with d isti l led water. Heavy metals analyses were 
performed by Flame Atomic Absorption Spectrometer. 
1 .5.2 Preparation of Tentative T reatment Materia ls 
A number of treatment materials were invest igated i n  this study inc luding fish scale, ch lore l la 
pyrenoidosa algae, carpentry sawdust, bentoni te, fly ash, and immob i l ized algae bead. To 
evaluate the efficiency of removing the heavy metals i n  wash water by these materials, each 
material was col lected and prepared as explained below. 
F ish Scale: Mustafiz and Islam (2002) have proved that the novel techn ique of using fish 
scales as adsorbents can e l iminate nearly 95% of lead ions in  the in fluent. Experiments have 
also been conducted with cobalt, zinc, and stront ium ions. They also showed a marked 
decrease of metal concentrat ions in their respect ive effl uent solutions. 
The fish scale is fish waste also known as fish by-products. The fish scale used in  th is study 
was col lected from Dubai's fish market. These fish scales were placed in a 250 mL con ical 
flask and were careful ly washed using the tap water then d ist i l led water to remove all the 
impurities. Then, the fish scale  was activated with sod ium hydroxide (NaOH) and gent ly 
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washed thoroughly with di t i l led water unti l the pH was 7 .  After the final wash, the washed 
ample were dried u ing fi lter paper and stored in a sealed plast ic bag. 
Algae: Fcng and Aldrich (2004) ind icated that biomaterial derived from the South African 
marine alga Ecklonia maxima can be u ed as efficient biosorbent material for the treatment of 
aqueou wa te streams contaminated with heavy metals. The rate of adsorpt ion onto the 
marine algae was h igh. 
In the present study, the chlorel la pyrenoidosa algae was provided as powder from Taiwan 
Chlorel la manufacturing company, Ltd. 
The Carpentry Sawdust :  Shukla and Dubey (2002) indicated that the sawdust material has 
proven to be a promising material for the removal of contaminants from waste water. Not only 
is sawdust abundant, but also i t  is an efficient and economic adsorbent that is effective to 
many types of pol l utants, such as, dyes, o i l ,  salts, heavy metals, etc. 
The sawdust is a by-product from the t imber i ndustry. It was col lected from a carpenter 
working shop i n  Dubai. The foreign partic les were removed from the sawdust by hand. The 
carpentry sawdust was used as received. 
Bentonite (Saroog): Vengris and Sveikauskaite (200 1 )  invest igated the use of a sorbent 
produced by the chemical treatment of a loca l ly  avai lable c lay for the removal of some heavy 
metals from waste water. The uptake capacity of the mod ified clay for n ickel ,  copper and zinc 
ions did s ign ificantly increase. 
Local ly  avai lable c lay from the Un ited Arab Emi rates was used in the i nvestigation. This clay 
is local ly known by name of (Saroog) .  Bentonite (Saroog) was used in  the experiment as 
received . 
F ly Ash:  Heechan and Kwanho (2005) evaluated the removal of heavy meta ls  from aqueous 
solut ions by fly ash obtained from an electric power station in the Netherlands. The results of 
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te t using the fly ash part ic le a an adsorbent for heavy metal ions showed that zinc, lead, 
cadmium and copper were adsorbed onto fly ash very rapidly .  
Fly ash is a res idual wa te product from electric power plan ts. Fly ash is produced as a by­
product ub tance of the burning of fossi l  fuels for power generat ion. The fly ash u ed in this 
tudy \ as col lected from an electric power stat ion (Al-Shouaiby power plant) in the Kingdom 
of aud i Arabia (K A). The fly ash was provided by the electric ity generating authorities in 
the Kingdom of Saudi Arabia. The received fly ash was used in the experiment as received. 
The Immobi l i zed Algae Beads: Yean-Chang (200 1 )  founded that the immobi l ized green 
microalga Scenedesmus quadricauda can be appl ied for contro l l ing the water qual ity in fish 
cu l tures. In those cul tures with algal beads, the ammonium concentrations decreased 
noticeably.  Abdel Hammed (2007) studied n itrogen and phosphorus uptake by the un icel lu lar 
green microalga Ch lorel la vulgaris immobi l ized in calc ium alginate beads. S igni ficant higher 
nutrients reduct ions were found in bioreactors contain ing algal beads. A lgal uptake and 
adsorpt ion on alginate gels were the major processes involved in the removal of n itrogen and 
phosphate from wastewater. 
The chlorel la pyrenoidosa alga was immob i l ized by entrapment in calcium alginate gel beads. 
Two grams of sod ium alginate was poured into a smal l  beaker. 1 00 mL of d isti l led water was 
added to the beaker, then the beaker was heated at 50°C. After coo l ing, one gram of the 
ch lorel la pyrenoidosa alga was added to the beaker. The algae/alginate suspension was drawn 
into a syringe. A beaker of calc i um chloride solution was placed under the syringe. The 
algae/alginate m ixture was a l lowed to drip slowly from the syringe t ip into the l iqu id below. 
The calc ium ch loride sol ution was swi rled gent ly. The beads of immobi l i zed algae were kept 
to harden in the calc ium ch loride solut ion for 5- 1 0  minutes. The immobi l ized algae beads 
were separated from the calcium ch loride solution using the tea strainer. Final ly, the beads 
were gently washed with d ist i l led water to remove the unwanted sal ts such as sod ium and 
calc ium from the beads ( Debbie, 2008). 
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1 .5.3 Determination of Total Di solved Solids (TDS) 
A wel l-mi cd wash water sample was fi ltered through a medium slow flow rate fi lter paper 
(Whatman grade No. 42 A hie s, standard grades), and 50 mL of fi ltered water was placed in 
a clean graduated cyl inder. Before start ing the test, the porcelain evaporating dish 250 mL was 
wa hed and rinsed with dist i l led water. Then a clean d ish was heated in a drying oven at 
1 80°C ± 2°C for one hour before beginning the test. The evaporating d ish was removed from 
the drying oven using metal tongs and placed in a desiccator to cool slowly to room 
temperature. 
The evaporating d ish was transferred from the desiccator to a balance and weighed to the 
nearest 0. 1 mg (0.000 1 g). This weight was recorded as weigh B. A fter the in it ial weigh was 
taken. the filtered water was poured into the evaporat ing dish and transferred to a hot plate and 
left to the dryness. Once again, the evaporating d ish was transferred to a drying oven and dried 
at 1 80°C ± 2°C for one hour, then transferred to a desiccator to coo l .  F inal ly, the evaporat ing 
d ish was weighed to the nearest 0. 1 mg (0.000 I g) on an analyt ical balance and th is weight 
wa recorded as weight A. The last two steps were repeated again  in the same manner unt i l  a 
constant weight i s  obtained . The total d i ssolved sol ids were calculated using the fol lowing 
equation (peavy et aI . ,  1 985) :  
mg / L Total Dissolved Solids 
Where:  
A = Weight (mg) of residue and d ish after drying 
B = Weight (mg) of the empty d ish 
1 .5.4 Determination of pH 
(A - B)xl 000 
sample volume, mL 
The pH was measured using Orion 920A Thermo benchtop meter. Before using the pH meter 
instrument, it was cal ibrated at three points using three d ifferent standard solutions 4.05, 6.86, 
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and 9. 1 8. The electrode chamber was rinsed everal times with dist i l led water and once with 
the ol ution to be measured. After the read ing of the solution was taken, the chamber was 
rin ed again in the same manner before the next read ing was taken. Recal ibration of the pH 
meter was done after every three readings. The p I  I of the wash water sample was measured by 
placing the glass electrode in the graduated glass beaker 1 50 mL and al lowing equ i l ibrium for 
one minute before the read ing was taken. 
1 .5.5 Determination of Metals & Cations by Flame Atomic Absorption Spectrometer 
Cement, cement chemical addit ives, fine aggregate and coarse aggregate samples were 
prepared for extraction of the avai lable metals. Concentrations of the metals: Zn, N i ,  Cu Cd, 
Pb, r, and Cr in a l l  the prepared extracted solutions were determined using Flame Atomic 
Absorpt ion Spectrometer. A lso, the untreated prepared wash water samples col lected from the 
out let of the ready-mix truck were analyzed for Cd, Fe, Cr, Cu, Pb, AI, Ni ,  Zn, and Sr by 
Flame Atomic Absorption Spectrometer. 
The equ ipment used in heavy metals analysis is Varian Spectr AA880 with double beam 
spectrometer, spectra] response 1 90-900 nm, fast response deuterium background corrector, 
rotating 8 - lamp turret and two burners both for air-acetylene and n itrous ox ide-acety lene 
flame. The equ ipment was avai lable in the department of chemical and petroleum engineering 
of the Un ited Arab Em irates University Figure 4 .  The Flame Atomic Absorption Spectrometer 
was calibrated before each set of measurements using the procedure specified in the 
manufacturer's manual . Qual ity control for F lame Atomic Absorption Spectrometer analysis 
consisted of analysis of check samples and dupl icates were preformed to identify the precision 
and accuracy of the F lame Atomic Absorpt ion Spectrometer resu lts. Analytical results from 
the Flame Atomic Absorption Spectrometer are given in m i l l igrams per l i ter (mg/L) of metals 
in the extracted solutions. 
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Figure 4: Flame Atomic Absorption Spectrometer instrument 
1 6  
1 .5.6 Determination of Anions 
Ion chromatography is used for water chemistry analysis. I t  is u ed to analyze major anions 
such as chloride, and sulfate in the wash water sample. The equ ipment used in an ions analyses 
is D IONEX DX500 modular chromatography system with conduct iv i ty, electrochemical and 
ab orbance detectors. Common anions are separated using a 10nPac AS4A column. The 
equipment was avai lable in  the department of Dubai central laboratory of the Dubai 
M unic ipal ity. The ion chromatography was cal ibrated using cal ibration standards before each 
set of measurements using the procedure speci fied in the manufacturer's manual .  A four point 
cal ibration is performed and an i ndependent check qual ity control sample is analyzed every 5 
amples to identify the precision and accuracy of the ion chromatography resu lts. 
1 .5.7 Statistical Analyses 
M icrosoft Office EXCEL 2000 software was used to present the data as wel l  as to perform the 
stati stical analyses. These analyses i nclude construction of simple graphs, descript ive stat ist ics 
and plotting the chart of wash water qual i ty parameters. 
1.6 Ready-Mix Concrete Wash Water Characterization 
While the data avai lable on the levels of heavy metals in the ready-mix concrete wash water 
sample is l imited, no data is publ ished on the removal of heavy metals  from ready-mix  
concrete wash water i n  Dubai .  Valuable i nformation on  the concentration of heavy metals in  
wash water of  the ready-mix  p lant was provided by Dubai Munic ipal i ty. The analyses results 
of two old d ifferent wash water samples provided from Dubai M un icipal ity are l i sted in  Table 
1. The wash water samp les were analyzed in  Food and Env i ronment Laboratory Section at 
Dubai M unic ipal ity. 
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Table I : Characteristics of ready-mix concrete wash water samples 1 &2* 
Parameter Sample # 1 Sample # 2 Unit 
Tota l Suspended Sol ids < 1 0  64 mg/L 
Tota l Dissolved Solids @ 1 80 C 4,090 4,045 mg/L 
Biochem ica l Oxygen Demand @ 20°C 25 - mg/L 
Chemical Oxygen Demand (COD) 1 66 1 3 1  mg/L 
Oil and G rease (Em u lsified)  < 1 2 1 5  mg/L 
Copper (Cu) < 0.05 < 0.05 mg/L 
Cadmium (Cd) < 0.02 < 0.02 mg/L 
Lead (Pb) < 0.4 < 0.4 mg/L 
Zinc (Zn) < 0.02 < 0.02 mg/L 
Nickel (Ni)  < 0.2 0.2 mg/L 
Chromi u m  (Cr) 3.27 2.94 mg/L 
pH 8 1 0  -
Color clear yellowish -
* References: Dubai Munic ipal i ty, date of analyses for samples 1 &2 are 1 4/0 1 /2007 and 
27/02/2007, respectively, (Dubai Munic ipal ity, 2007). 
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Ba ed on an overal l  asse ment of the existing data from Dubai Mun icipal ity, wash water 
generated from ready-mi truck can be characterized as highly  alkal ine with h igh levels of 
Chrom ium (Cr) and total dissolved o l ids (TDS). No information on the presence of trontium 
in the two amples were reported by Dubai Munic ipal i ty. 
1.7 Current Handling and Treatment Practices in Dubai 
urrently, the ready-mix concrete batching plants in Dubai are genera l ly  regulated by 
Environment Department at Dubai Mun icipa l i ty. This information on the current spec ific wash 
water treatment pract ices at ready-m ix concrete batching plants in Dubai were provided by 
Environment Department at Dubai M unic ipa l ity. In Dubai, the ready-mix concrete batch ing 
plants are treated the wash water by one of these methods:-
( 1 )  In most plants, Transit m ixers are being washed lfl a wash bay fac i l i ty wherein 
wastewater generated is usual ly col l ected in a three chambered concrete sedimentation 
pond connected in series. C leared wastewater is then pumped to a l ine wherein it is  
being b lended with sufficient amount of fresh water (usual ly 1 : 1  ratio) and then re­
used again for the same washing purpose. S l udge/Sediments from sedimentation ponds 
is removed by shovels then col lected to a sludge tank or drying bed. Disposal is done 
in Dubai Municipal i ty designated land fi l l  upon accumulat ion of sufficient quantity. 
(2) S ince Dubai Munic ipal ity enforces a l l  batching p lants to have Chromium reduction 
treatment fac i l ity, some ready-mix  concrete batching plants seek the services of 
wastewater treatment consul tants. The fol lowing describes the usual treatment practice 
recommended by the aforementioned companies :  (a) wastewater flows through a three 
chambered sed imentation tank connected in series. (b) wastewater from the third 
sedimentat ion tank is being pumped to a separate tank wherein dosing of Ferrous 
Su lphate ( FeS04)  and Su l furic Acid (lhS04) is  appl ied. Ferrous Su lphate acts to 
precipitate Chromium wherein i t  settl es to the tank's bottom. Su lfuric Acid (H2S04) is 
being used to lower the pH of the wastewater to 3 since pH of untreated wastewater is 
usual ly  1 1  to 1 2 . (c) wastewater is then pumped to another chamber and Caustic Soda 
(Sod ium Hydroxide) dosing is being done. Causti c  Soda is added to bring pH within 
7.5 to 8 from a level of 3 in the previous chamber. (d) wastewater is  then pumped to a 
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third chamber wherein a low speed motor is provided to further mix the wastewater. 
Treated wastewater is then pumped to a separate tank wherein it is used for the same 
washing purpose. (e) sl udge/sediments from edimentation ponds removal is through 
hovel and then col lected to a sludge tank or drying bed. Disposal is done in Dubai 
Munic ipal i ty designated land fi l l  upon accumulation of sufficient quantity. 
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CHAPTER II 
DESIGN OF READY-MIX CONCRETE 
WASH WATER SAMPLE 
DESIGN OF READY -MIX CONCRETE WAS H WATER SAM PLE 
In th is chapter a brief introduction about the production process of the ready-mix concrete wi l l  
be introduced. Characterizat ion of dominant composition raw materials wi l l  be i l l ustrated. 
Potential sources of Chromium and Stront ium wi l l  be stated. Also, critical ready-mix concrete 
wa h water sample wi l l  be designed . Final ly, characterization of the prepared wash water 
ample wi l l  be discussed . 
2. 1 Su rvey and Characterization of Cu rrent Manufacturing Plants 
survey of the current ready-mix concrete batch ing plants was conducted by Dubai 
Municipal i ty in May 2006. The survey resu lts show that there are huge numbers of ready-mix 
concrete batching plants operating in the Emirates of Dubai . I n  fact, about 58 ready-mix 
concrete batch ing plants were ident ified accord ing to Dubai Mun icipal i ty. These batching 
plants were c lassified into two groups; permanent Table I I  and temporary batching plants 
Table I I I . The temporary batching plants are primari ly l im ited to big projects in which the 
plant is  d ismantled after completing the project. 
2. 1 . 1  The Production Process o f  the Ready-Mix Concrete 
I n  general ,  ready-mix concrete is produced by two methods, batch p lant process and central 
mix  process. Ready-mix  concrete in Dubai is bas ical ly produced by batch plant process. In a 
batch plant the dry aggregate and dry cement are weighed and added to a m ixer along with 
appropriate amount of water and chemical admixtures. The measurement of ingredient is 
conducted by an operator from a central control room. Solid components are accurately 
metered by weight and added to the truck from overhead s i los. Water and chemical admixtures 
are metered by volume. The concrete is mixed in the truck on the way to the job. For central 
mixing, the concrete is prepared in a central m ixer and then transferred to a mixer truck for 
del ivery to the site of work ( Field operations of the concrete, 2006). Ready-mix concrete truck 
capacities in Dubai are qu i te variable depending on the capacity of the plant and the expected 
use of the veh icle. Typical ly, ready-mix  truck capacities range from 5- 1 2  cubic meters of 
concrete. The olume of wash water uti l ized in washing the trucks ranges from 1 00 to 200 
l i ter for each truck load . 
Th is paragraph ummarizes the ready-mix concrete production process. With reference to the 
numeric labels shown in F igure 5, the main components of the ready-mix batching process 
are: 
( 1 )  Concrete mix ing: Ingred ients are added to the drum through a metal chute at the upper 
rear of the truck. 
(2) E terior truck wash:  After load ing, the truck moves to a wash area where wash down 
the truck exterior is carried out. 
(3) Disposal of returned concrete: Some portion of the concrete load is often left in the 
truck after un loading. Occasional ly, the excess concrete is d ischarged to the wash 
water col lection system. 
(4) Drum wash: At the end of the operating day, the truck drum must be washed of 
concrete. Whi le the drum is rotated, the water is  added to the drum. Then, the wash 
water is d ischarged to the col l ection tank. I n  the ready-mix  concrete i ndustry, the truck 
drum washout has the h ighest water demand where the drum washout uses a 
significant volume of water (Enviroment canada's, 1 993). 
2.2 Characterization of Dominant Composition Raw Materials 
The pre l iminary information about the plants and sources of cement, cement chemical 
admixtures and aggregates used in the plants were col lected from the survey. Representative 
cement, cement chemical adm ixtures and aggregate samples were col lected and analyzed for 
heavy metals i nc luding Zn, N i ,  Cu, Cd, Pb, Cr, and Sr by F AAS. 
Table IV l i sts the concentrations of analyzed metals in d ifferent concrete i ngredients. The 
resu lts reveal a varying; yet h igh, concentration of Chromium (Cr) in aJl analyzed cement 
samples. The National Cement Company (Dubai) sample has the h ighest value with 482.50 
mg/L, whereas the lowest value was reported in  Star Cement Company (Ajman) sample with 
54.00 mg/L. 
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Table I I  : List of permanent ready-mix concrete batching plants in Dubai 
Name of Establishment Location 
AI Azzani  Ready Mix Al Qouz I ndustria l Area 
AI Rawal Ready Mix Concrete Jebel Ali  I ndustrial Area 
Arabian M ix Co. Al Qouz I ndustrial Area 
Austrian Arabia n Ready Mix  Concrete Jebel Al i  Industrial Area 
Bu Shager Ready M ix Concrete Jebel Al i  I ndustrial Area 
Con m ix Limited Co. LLC.-Duba i  Branch Jebel AIi-Du ba i  In ternational Airport 
Con m ix LTD. Co. AI Qouz I ndustrial Area 
Duba i  Ready Mix  Concrete LLC. Jebel Ali  I ndustrial Area 
Emirates SAS Ready Mix Co. L LC.(EMI X) Jebel Ali  I ndustria l Area 
Engineering Contracting Co. LLC Al Qouz I ndustria l  Area 
Galadari Maxi Mix  Jebel Al i  I ndustrial Area 
Khansaheb Civil Engineering LLC. Jebel Ali I ndustrial Area 
Lootah Concrete Products Jebel Al i  Industrial Area 
M il ls Bowley Concrete Product (MB Mix) Jebel Al i-Duba i  In ternational Airport 
Modern Concrete Products Factory (Modern Mix) AI Qouz I ndustrial Area 
National Ready M ix Concrete , Al Ramool AI Ramool 
Q-M ix Ready M ix Mfg. LLC. AI Aweer 
Q-Mix Ready Mix Mfg. LLC. Jebel Ali  I ndustrial Area 
Quality Ready Mix Industry LLC. Jebel Ali I ndustrial Area 
-
- - �-
N +:> 
Table I I  (cont inued): L ist of permanent ready-mix concrete batching plants in Dubai • 
Name of Establishment Location 
Ready Mix Betton AI Qouz Industrial Area 
Ready M ix G u lf LTD. Al Qouz Industrial Area 
RMC Top Mix (CE M EX) Al Qouz Ind ustrial Area 
RMC Topmix LLC.-Jebel Al i  Jebel Ali  Industria l Area 
Safe M ix Ready Mix Factory LLC. Jebel Ali Industrial Area 
SS Lootah (Br. of Saeed Ahmed Lootah and Sons G rou p PSC) Jebel Ali Industrial Area 
SS Lootah Contracting Co., AI Qusais-2 Al Qusais-2 
SS Lootah Ready M ix Al Qouz Industrial Area 
Technical Ready Mix Concrete Co. LLC, Al Qusais-2 Al Qusais-2 
Transgulf  Ready Mix  Concrete Jebel Ali I ndustrial Area 
Tremix Ready Mix Concrete Factory Jebel AIi-Du bai International Airport 
Unibeton Ready Mix Jebel Al i  I ndustrial Area 
Un iversal Concrete Products LTD. Co. AI Qouz Industrial Area 
Universal Concrete Products LTD. Co.(UNIMIX)-JAFZ Jebel Ali- Jebel Ali Free Zone 
Universal Concrete Products LTD. Co.(UNIMI X)-Jebel Ali  Jebel Ali  I ndustrial Area 
Wade Adams Contracting LLC. Jebel Ali  Industrial Area I 
• (Source: Dubai Municipal i ty, 2006) 
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Table I I I  : List of temporary ready-mix concrete batching plants in Dubai 
Name of Establishment Location 
AI Falah Ready Mix Concrete AI Khail  RoadlBa rsha 
AI Nabood a h  Contracting Co. D u ba i  Festival C ity. Nad AI  Hamar. Nad Al Hamar 
Al Nabooda h  Contracting, Al  Tawa r  ( Airport Expansion) AI Tawar ( Airport Expa nsion) 
Arabian Mix Co.- Academic City A rea, JT Metro Projects Academic City Area, JT M etro Projects 
Arabian Mix Co.-Jebel Ali Ind ustrial Area Jebel Ali I nd ustrial Area- JT Metro Project 
Belhasa Six Construct Co. L L C  AI Jadaf 
BeLhasa Six Construct Co. L LC, Port Rashid Port Rashid 
Bin Hafeez Genera l  Contracting Co.- I n ternational City Al Aweer - I n ternational City 
Bin Laden Contracting Co. (Wet M ix) AI Aweer Academic City 
Cemex (Formerly RMC Top M ix), AI Tawar ( Airport Expansion) Al Tawa r ( Airport Expansion) 
D utco Balfour Beatty G rou p Al Khail  Road 
Engineering Contracting Co. Academic City A rea Academic City Area, Zayed 
Lootha National Ready M ix. I n ternational City-AI Aweer AI Dahid (Khawaneej) 
National Ready m ix Concrete Co. Arabian Ranches-Emaar 
Ready Mix Beaton ,  Al Gharhoud AI Gharhoud 
Ready Mix Beaton, J u meira Residence Project Jumeira Residence Project 
Transgulf Ready Mix Concrete Co. LTD. AI Aweer Plant-2 AI Aweer - Oman Hatta Road 
Unec Ready Mix.(Safe Mix Ready Concrete L LC.) Mirdif  Pla nt AI Aweer - Internation a l  City 
--
tv 
0\ 
Table I I I  (continued): L ist of temporary ready-mix concrete batch ing plants in Dubai • 
Name of Establishment Location 
U n i beton Ready M i x-A I Ba rsha 1 AI Ba rsha 
U n i beton Ready M i x-Jadaf AI Jadaf 
U n iversa l Concrete Prod ucts LTD. Co. AI Doha St., Burj Du bai 
U n iversal Concrete Prod ucts LTD. Co.-J u mei ra Residence Project J u meira Residence Proj ect 
Wade Ada ms Contractin g  LLC. AI Khail  Road 
-
-
• (Source: Dubai Munic ipal ity, 2006) 
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Figure 5 :  Typical components of batch ready-m ix concrete product ion 
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Table I V  : Concentrat ion of metals in different concrete i ngredients 
Metal concentrations (mg/L) 
Sample Description 
Zn Ni Cu Cd Pb Cr 
G u lf Cement Com pany (Ras AI Khaimah) 1 7.00 39.25 20.50 8.50 3.75 1 88.75 
National Cement Company ( D u bai) 64.00 44.50 1 3.50 8.50 3.25 482.50 
Sta r Cement Com pany (Aj man)  69.75 1 5.50 37.50 9.50 32.50 54.00 
Sharjah Cement Factory (Sharjah)  59.500 N D  25.75 9.00 33.25 1 2 1 .00 
Conplast SP430 N D  N D  2.36 1 .85 N D  2.86 
Con plast P2 1 1  1 . 1 9  N D  1 .36 1 .02 N D  1 .27 
Con plast RP264 1 . 1 9  N D  1 .36 1 .02 ND 1 . 1 9  
Conplast SP495 0.50 N D  3.8 1 2. 1 5  N D  2.73 
Stone NM NM NM NM NM ND 
Coa rse Aggregate N M  N M  NM NM N M  N D  
M u d  NM NM NM NM NM ND 
Sand N M  N M  N M  N M  N M  ND 
ND: Not Detected NM: Not Measured 
Sr 
592.50 
968.80 I 
957.50 
6 1 0.00 
NM 
N M  
NM 
9.20 
0.248 
0.500 
6.88 
5.3 1 
Accord ing to measurement of trace metals in the cement chem ical admixtures samples Table 
I V, the h ighe t Chromium value was found in ConpJast SP430 sample with 2 .86 mg!L, 
whereas Con pia t SP495 ample provided the second highest value with 2 .73 mglL. I n  the 
ca e of trontium the National Cement Company ( Dubai) sample has the highest value with 
968 .80 mgfL, whereas the lowest value was reported in Gu lf  Cement Company ( Ras A J  
Khaimah) sample with 592.50 mgfL. The Strontium value was found in Conplast SP495 
ample with 9.20 mgIL. Therefore, The National Cement Company (Dubai) sample and 
Conplast SP495 sample were selected to prepare the crit ical ready-mix concrete wash water 
sample considered in this study. 
2.2. 1 Potentia l Sou rces of C h ro m i u m  
The Chrom ium forms in  the cement industry are Cr ( I I I ) and Cr (V T )  (K lemm and Waldemar, 
1 992) which originate from a variety of sources (L izarraga, 2003). The amount of Cr (V T )  in 
cement can origi nate from: 1 )  Oxidation of total Chromium from the raw materials or fuel 
entering the system based on condit ions of the c l i nker burning process (Chandel le, 2003), 2) 
Magnesia-chrome k i ln  refractory brick, if used, 3) Wear metal from crushers and raw m i l l  
grinding process, i f  Chromium al loys are used, and 4) Additions of  gypsum, pozzolans, 
ground granulated blast furnace slag, minerals components, cement k i ln  dust, and set regulator 
( Bhatty, 1 993). 
A l l  quarried raw materials for cement manufacture contain very small or trace quanti ties of 
total Chromium, which is a common element in the Earth 's  crust. The increasing use of many 
by-product raw materials such as meta l l urgical slag, spent catalyst fines, flue gas 
desu lfurizat ion gypsum, l ime sludge, etc., may contribute additional amounts ( H i l ls and Vagn, 
2007). 
2.2.2 Potential  Sou rces of Strontium 
The manufacture of Ordinary Portland Cement is  made from abundant raw materials. Cement 
raw materials are for the most part dug from the Earth's crust and contain most of the elements 
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1 0  the periodic table. trontium occurs natural ly in the minerals celestite (SrS04) and 
tront ian ite ( rCO) . Celestite is mostly found in edimentary rocks often associated with the 
mineral gypsum anhydrite, and hal ite (Wikiped ia, 2008). Therefore, addition of gypsum in 
the cement manufacturing process may contribute to additional amount of Strontium. 
2.3 Design of Critical Ready-Mix Concrete Wash Water Sample 
The rat io of the amount of water to the amount of cement i n  concrete is cal led the 
water/cement ratio. Such ratio has great influence on the qual ity of concrete produced as it is 
the key factor that determines the strength of concrete. 
The strength, durab i l ity and other desi rable properties of concrete are inversely proport ional to 
the water/cement ratio. S ince the compressive strength of the concrete decreases as the 
water/cement ratio goes up, a lower water/cement ratio leads to h igher strength and durab i l ity. 
The proposed concrete mix  design has low water/cement ratio, to i ncrease the cement and the 
additives as wel l  as to increase the strength and durab i l ity of concrete. The expected concrete 
slump is 0- 1 0  rnm and the expected concrete strength is 60-70 M Pa. ( Waddel l ,  1 989). 
A critical ready-mix  concrete mix  was designed to reflect the h ighest potential levels of 
pol l utants found in  the analyzed concrete i ngredients; main ly  Chromium and Strontium. This 
impl ied considering the lowest possihle water/cement ratio needed for workab i l ity purposes. 
The composition of that m ix  is given in Table V .  
2.4 Preparation of Designed Sample 
A l l  the proposed materials were del ivered to the ready-mix concrete batch p lant where the 
components were b lended in the rotating truck's mixer drum unt i l  del ivery to the un iversity 
laboratory site. Before the unloading, the driver wash down the concrete truck chute by water 
Figure 6. The poured concrete was used in pav ing a parking lot near the laboratory Figure 7. 
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Table V:  Composition of the crit ical ready-mix concrete ( 1 .0 m3) 
Ingredients Typical Composition 
Ordinary Portland Cement 370 (Kg/m3) 
Fine Aggregate (sa nd & Dune Sand) 7 1 8  (Kg/m3) 
Coa rse Aggregate (20m m )  968 (Kg/m3) 
Coar e Aggregate ( 1 0mm)  408 (Kg/m� 
Water 1 5 1 (L) 
Cement Chemical Ad m ixtures 1 1 . 1  (Kg/m3) 
Water/Cement ratio 0.41 
3 1  
Figure 6: Wash down the concrete truck chute by water 
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Figure 7: The poured concrete was used in paving a parking lot 
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ince the truck concrete load was 2.30 m3, a max imum possible volume of wash water (45 
l i ter of tab water) was poured into the truck drum after unload ing Figure 8 .  The truck drum 
wa agitated for 20 m in to ensure complete mixing of the added fresh water with the residue 
concrete into truck drum. The wash water from the truck drum was then discharged into big 
top open container Figure 9. Prior to lab analyses, the ready-mix concrete wash water sample 
was kept and tored i n  two big plastic containers (25 L capaci ty) with sealed l ids to prevent 
ample contamination Figure 1 0. The concentrations of metals in the prepared wash water 
ample ere est imated by FAAS as explained earl ier. 
2 .5 Characterization of the Prepared Wash Water Sample 
2.5. 1 Heavy Metals in the Prepared Wash Water Sample 
The metals of interest Zn, Ni ,  Cu, Cd, Pb, Cr, and Sr were identi fied in the wash water sample 
b FAAS and the results are given in  Table V I .  The concentration of Chromium in the wash 
water samples of the study was very h igh (2.59 1 mg/L). As mentioned before, the presence of 
Chromi um in high concentration in cement was d irectl y  associated with the production 
method of cement. The results obtained show that the Strontium was found in the analyzed 
sample with h igh concentration as wel l ( I  0.345 mg/L). 
2.5.2 Cations and An ions Concentrations in the Prepa red Wash Water Sample 
Table V I I  shows the data obtained from determination of the cations and anIOns 
concentrations in the wash water sample. The most abundant cations present in the wash water 
are calc i um (Ca), magnesium ( Mg), sodium (Na), and potassium (K).  Their concentrations 
were 772 .58 mg/L, 0.004 mg/L, 488 .07 mg/L and 473.65 mg/L, respectively. Also, Table V I I  
shows the anions concentrations in the wash water sample. The most abundant anions in wash 
water are b icarbonate (HC03), chloride (CI ), and sul fate (S04) .  Thei r concentrations were 0 
mg/L, 88 mglL and 685 mg/L, respect ively. The carbonate ions concentration in the wash 
water was 90 mglL and the hydroxide ion concentration was 650 mgIL. This produces a total 
alkal in ity of 1 896 mg/L as CaC03 for which the pH was found 1 3 .05 . 
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F igure 8 :  Wash water was added into the truck drum after un loading 
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Figure 9: Wash water generated from concrete truck drum 
Figure 1 0 : Wash water sample was stored in big p lastic containers 
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2.5.3 olids and Hardness of the Prepared Wash Water Sam ple 
Table V I I l  presents the levels of sol ids and hardness of the wash water sample. i nce the 
inve t igated sample was left. to ett le down i ts partic les before the analysis, the suspended 
ol id were very low (3 mg/L). The total d issolved sol ids and total hardness were found; 5890 
mgIL and 1 1 50 mgIL, respect ively. It is worth mentioni ng that the raw wash water sample 
before settl ing is h igh ly turbid. After sett lement, the color of the mixtures was yel lowish .  
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Table VI  : Heavy metals in the prepared wash water sample 
Metal concentrations (mgIL) 
Zn Ni Cu Cd Ph Cr Sr 
0.026 0.0464 0.0235 0.04 1 0.604 2.59 1 1 0.345 
Table VI I : Cations and Anions concentrations in the prepared wash water 
sample 
Cat ions AI Ba Ca Fe K Na Mg 
( mgIL) 
0.2900 0.2229 772.58 0.009 473.65 488.07 0.004 
Anions S04 - - Cl - H C03 - C03 - OH -
(mg/L) 
685 88 0 90 650 
Table VI I I  : Sol ids and Hardness of the prepared wash water sample 
Parameter Concentration Level 
Total Suspended Solids (mg/L) 3 
Tota l Dissolved Solids (mg/L) 5890 
Total Hardness (mg/L) 1 1 50 
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CHAPTER III 
REMO VAL OF IDENTIFIED 
POLLUTANTS IN READY-MIX WASH 
WATER 
REMOVAL OF I DENT I FI E D  POLLUTANTS IN READY-MIX 
WASH WATER 
I n  thi chapter the common removal practices o f  identi fied pol lutants; Chromium and 
trontium wi l l  be introduced. Resu l ts of in it ial screening of treatment methods wi l l  be 
i l l u  trated. Final ly, alternative treatment techniques and materials wi l l  be evaluated. 
3.1 Common Removal Practices of Identified Pollutants 
everal researchers provided sign ificant information on the concentration of heavy metals in 
the industrial wastewater around the world. Removal of heavy metals from industrial 
wastewater is  of primary importance because they are not only causing contamination of water 
bodies but are also extremely toxic to many l i fe fonns (Aslam and Malik, 2004). A l imited 
number of studies were carried out on the removal of heavy metals from the wash water 
generated from the ready-mix  concrete truck in the UAE as wel l  as other countries. 
everal methods have been developed for removal of toxic heavy metals from wastewater 
when they are present in h igh concentrations. The methods currently in practice include 
chemical precipitation, e lectrodialysis, b iosorption processes, solvent extraction (patterson, 
1 985), electrochemical treatment (E i lbeck, 1 987), ion exchange, reverse osmosis (Zhang et 
ai . , 1 999; Lienonen and Lehto, 2000), coagulation, evaporation, membrane fi ltration and 
adsorption ( Bartosch et aI . ,  2000). 
3. 1 . 1  Removal of Cbromium 
A wide range of physical and chemical processes i s  avai lable for the removal of  Chromium 
(Cr) from industrial wastewater. I n  one study, electrochemical techniques have been used in 
removing heavy metals from munic ipa l  wastewater sludge. Thei r techniques al lowed the 
removal of N icke l ,  Chromium, Zinc, and Copper from the sludge samples at removal levels 
reaching 4 1  %, 8%, 6.7%, and 4.7%, respectively (Mohamed and Saleh, 2000). Lopez-Delgado 
et al .  ( 1 997) concluded that the blast furnace sl udge was found to be an effective sorbent for 
Pb, Zn, d, Cu and Cr ion . Patoczka et al .  ( 1 998) has proved that the ferric chloride is an 
effective method to be u ed to remove Chromium (Cr) from industrial wastewater. Li (200 I )  
found that by using a proper combinat ion of chromium reduction and prec ipitation methods, 
the treated wastewater sample can meet the discharge l im its. Hossein i  and Mirbagheri (2003) 
demon trated that l ime is a cheap and excel lent chemical for effic ient coagulation and 
prec ipitation of copper and chromium ions from wastewater. XU et al .  (2005) concluded that 
anaerobic bio-fi lter bed showed h igh efficiency in removing hexavalent chromium. Acosta et 
a J .  (2004) found that the biomass of C. neoformans, natural sed iment, Helmintosporium sp and 
chitosan was efficient to remove chromium (V I )  from aqueous solutions. Mohanty et al .  
(2005) indicated that the biomass of E.  Crassipes is suitable for development of efficient 
biosorbent for the removal of chromium from wastewater of chemical and a l l ied process 
industries. Kanamadi and Ramachandra (2005) i nd icated that the Bengal gram husk (Cicer 
arient inum) is an excel lent material for biosorption of Cr (V I )  to treat wastewaters contain ing 
low concentration of the metal . Suwannee and Suttawadee (2006) showed that the scrap iron 
fil ings appear to be a very good metal l ic system, a non-toxic substance and a low cost material 
for the rapid removal of Cr (V I )  contained in chromium plat ing wastewater. 
I n  addition to the above removal methods, micro-organisms and biosorption techniques are 
techniques for removal of heavy metals from i ndustrial water. In one example study, Saifuddin 
and Raziah (2007) have uti l ized yeast Saccharomyces cerevisiae immobi l ized in chitosan in 
column reactor to remove chromium metal ion in aqueous solutions. Su leman and Anwar 
(2007) concluded that adsorbent prepared from ficus rel igiosa leaves can be uti l ized for the 
treatment of heavy metals such as Cr (V I )  and Pb in wastewater. Priya et al .  (2007) reported 
that the Pithophora alga is efficient biosorbent for the removal of chromium (VI ), n ickel ( I I )  
and copper ( I I )  ions from aqueous solutions. Mahvi  et al .  (2007) showed platanus oriental is  
leaves ash was more favorable than l iv ing ones in removing chromium from the aqueous 
sol ution. Moreover, Arivol i  et a l .  (2007) showed that the activated carbon (BC) cou ld be used 
for the removal of chromium ion from aqueous sol ution. 
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3. 1 .2 Removal of Stronti um 
I Iobbs and F lei chman ( 1 993) performed a study on  Strontium and Act in ide removal from 
alkal ine h igh- level waste solutions. Based on the measured removal rates, Monosod ium 
t i tanate (M T) e h ibits rapid removal kinetics for strontium and the act in ides from alkal ine 
h igh-level waste solutions. Chaalal and Islam (200 1 )  has proved that a combination of biomass 
treatment, flu id ized bed/membrane reactor, and a min imum-suspension fluidized bed reactor i s  
an acceptable solution to remov ing strontium whi le min im izing the generation of secondary 
waste. Cristopher et a l .  (2006) reported that h igh removals (>90 percent) of strontium were 
attained via intermed iate chemical demineral ization ( lCO). Hobbs et al . (2006) proved that the 
new Sod ium Titanate material exhib i ts i ncreased removal kinetics and capac ity of Sr-90 and 
Sod ium Titanate appears to be an excel lent candidate for replacing the basel ine Monosodium 
Titanate (MST) for nuclear waste processing at the Savannah River Site. Hobbs et al .  (2007) 
concluded that the mod ified Monosodi um Titanate represents a much improved sorbent for the 
separat ion of stront ium and act in ides from alkal i ne waste solutions and recommend cont inued 
development of the material as a replacement for the base l ine Monosod ium Titanate for waste 
treatment faci l i t ies at the Savannah R iver S ite. 
3.2 Initial Screening of Treatment Tests 
The treatment of ready-mix  concrete wash water and the production of h igh qual ity water is a 
broad field for research. A comprehensive investigation of separation materials that could be 
uti l ized in  ready-mix  concrete p lant treatment faci l i ty for removal of Chromium and Strontium 
was conducted and described below. 
3.2 . 1  Considered Treatment Tecbnologies 
A number of materials have been studied for their capaci ty to remove toxic heavy metals, 
including cationic resin, commercial granu lar activated carbon, benton ite (saroog), fly ash, 
chlorel la pyrenoidosa alga, immob i l ized algae beads, carpentry sawdust and fish scale. A 
number of screening experiments were done. The aim of conducting a series of screen ing tests 
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i to invest igate the efficiency of stated materials with regard to Chromium and Strontium 
removal from the ready-m ix concrete wash water sample. 
I n  one e periment, a sample of the ready-mix concrete wash water was div ided into eight 
portion of equal volumes ( l 00 mL) in eight glass bottles (250 mL with screw cap). Then, 0. 1 
gram of a l l  materials tated above was weighed before being added to the samples in the glass 
bott le Figure I ) .  The bottles were shaken slowly by a shaker Figure 1 2  for 48 hours at room 
temperature (25 ± 1 °C).  The solutions were then fi ltered through Whatman grade no 42 filter 
paper to separate the sol id from the l iquid phase. A fter fi ltration, concentrat ions of the metals 
Cr and Sr in the fi ltered solution were determined using Flame Atomic Absorption 
Spectrometer. 
I n  the same manner the second experiment on the sample was done by adding one gram of al l  
materials stated above and then the same procedure was fol lowed as that for 0. 1 gram. 
The th i rd experiment was designed to investigate the removal of Chromium and Strontium 
from the wash water using d ifferent weights from the immobi l ized algae bead samples 2g, 
1 09, 20g, 30g and 40g. Then, a l l  the procedures mentioned above were fol lowed. 
The fourth experiment on the sample was done using the chemical precipitation process. Three 
chemicals; sulfuric acid ( H2S04), ferrous sul fate ( FeS04) and sod ium hydroxide (NaOH) were 
used for the removal of heavy metals from the wash water sample. 1 00 mL of the fresh wash 
water sample was transferred into c lean glass bott le (250 m L  with screw cap) . 0. 1 gram of 
ferrous sul fate (FeS04) and about three drops of su lfuric acid (lhS04) were added to the 
bottle. The sol ution was mixed v igorously, then 0.3 gram of the sodium hydrox ide (NaOH) 
was added. The l iqu id was kept on the shaker at  (25 ± ] °C) for 2 hours. The solution was 
fi ltered through Whatman grade no 42 fi lter paper. Final ly, the metals (Cr and Sr) 
concentrations were measured by F AAS. 
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Figure 1 1 : Wash water sample after adding the removal materials 
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Figure 1 2: The bottles were shaken by a shaker 
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3.2.2 Re ult  of Screening Tests 
Table IX demon trates the effect of 0. 1 gram of d ifferent materials on Chromium and 
tront ium removal .  The pre ent investigation evaluates the use of cationic resin, commercial 
granu lar activated carbon, benton ite (saroog), fly ash, chlorel la pyrenoidosa algae, carpentry 
awdu t and fish scale for the e l im ination of heavy metals from the wash water sample. The 
concentrat ion of Strontium and Chromium in the untreated wash water sample (feed) were 
1 2 .255 mglL and 2.094 mglL respectively. After treatment with these materials, the 
concentrat ion of Strontium varied between ( 1 0.52 1 mgIL to l 1 .823 mgIL). A lso, the removal 
percentage varied for the materials used. The minimum removal percentage was for the fish 
scale (3 .53% removal), whereas the max imum value was found for Ch lorel la Pyrenoidosa 
Alga (about 1 4. 1 5%). For the Chromium, it was observed that minimum removal occurred 
with cationic resin, for which Cr reduced from 2.094 mgIL to 2.063 mgIL about ( 1 .48% 
removal). The maximum removal of Cr occurred with Chlorel la Pyrenoidosa ( 1 4.04% 
removal) .  
Table X shows the resu l ts of the influence of 1 .0 gram dose of the same materials on treating 
the wash water sample. This resulted in  a max imum reduct ion of Sr from 1 2.208 mglL to 
7 .725 mgIL (36.72% removal) using 1 .0 gram Ch lore l la Pyrenoidosa A lgae, whi le Cr was 
reduced from 2.042 to 1 .557  mgIL (23 .75% removal) using fly ash. 
Table XI i l l ustrates the effect of using d ifferent dosages of Immobi l ized Algae Bead on Cr and 
Sr removal . It was observed that maximum removal for Sr occurred at 40 gram dose of 
Immobi l ized Algae Bead where Sr dropped from 1 2.208 mgIL to 2.600 mgIL (78.70% 
removal) and Cr dropped from 2.042 mglL to 1 .333 mgiL (34.72% removal) using the same 
amount of Immobi l ized Algae Bead. 
Table X I I  reports the analysis resu lts of using a mixture of H2S04, FeS04 and NaOH on 
treat ing the ready-mix concrete wash water sample. The resu l ts show a complete removal of 
Cr ( 1 00.00% removal) whi l e  the Sr removal was much less (2 1 .04% removal) .  
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Table I X  : Effect of 0. 1 gram weights of several materials on Cr and Sr removal 
Sample identification Sr Sr Cr Cr (mg/L) Removal 0/0 (mg/L) Removal 0/0 
Untreated Wasb Water (feed) 1 2.255 - 2.094 -
Cationic Resin 1 1 .307 7.74 2.063 1 .48 
G ran ular Activated Ca rbon 1 1 . 583 5.48 2.031 3.01 
Bentonite (Saroog) 1 1 . 535 5.88 2.052 2.01 
Fly A b 1 1 .333 7.52 2.026 3.25 
Cb lorel la Pyrenoidosa Alga 1 0.521 1 4. 1 5 1 .800 1 4.04 
Carpentry Sawdust 1 1 .391 7.05 1 .880 1 0.22 
Fisb Sca le 1 1 .823 3.53 2.026 3.25 
Table X : Effect of 1 .0 gram weights of several materials on Cr and Sr removal 
Sr Sr Cr Cr Sample identification (me/L) Removal 0/0 (me/L) Removal 0/0 
Untreated Wasb Water (feed) 1 2.208 - 2.042 -
Cationic Resin 1 1 .307 7.38 1 .995 2.30 
G ran ular Activated Carbon 1 0.635 1 2.88 2.005 1 .81 
Benton ite (Saroog) 1 0.443 1 4.46 1 .984 2.84 
Fly Asb 1 1 .271 7.68 1 .557 23.75 
Cblorella Pyrenoidosa Alga 7.725 36.72 2.000 2.06 
Carpentry Sawdust 1 1 .281 7.59 1 .698 1 6.85 
Fish Scale 1 0. 1 51 1 6.85 1 .896 7. 1 5  
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Tab le XI  : Effect of immob i l ized algae bead dosages on Cr and Sr removal 
r--
Sample identification Sr Sr Cr Cr 
(m2/L) Removal 0/0 Jm�l Removal 0/0 
Untreated wash water (feed) 1 2. 208 - 2.042 -
(2 g)  I m mobilized Algae Bead 1 1 .083 9.56 1 .964 6.2 1 
( 1 0  g) I m mobilized Algae Bead 8.396 31 .23 1 .802 1 1 .75 
(20 g) I m mobil ized Algae Bead 5.979 51 .02 1 .660 1 8.71 
(30 g)  I m mobilized Algae Bead 4.240 65. 27 1 .474 27.82 
(40 g)  I m mobil ized Algae Bead 2.600 78.70 1 .333 34.72 
Table XI I : Effect of mixture of chemicals (H2S04, FeS04 and NaOH) on Cr and 
Sr removal 
Sample identification 
Sr Sr Cr Cr 
(mg/L) Removal % (mg/L) Removal 0/0 
Untreated wash water (feed) 1 2.255 - 2.094 -
M ixture of chem ica ls 
(3 d rops of H2S04 , O. l g  of 9.677 2 1 .04 0.00 1 00.00 
FeS04 and 0.3g of NaOH) 
47 
Ba ed on the above result , the fol lowing conc lusions can be made from the initial screening 
of treatment method : 
( I )  By comparing the analytical re u l ts in Tables IX  and X it was observed that the extent 
of percent removal increased with increasing dosage of materials almost for a l l  the 
tests e cept that for Sr with cationic resin and for Cr with Ch lore l la Pyrenoidosa Alga 
and granu lar activated carbon. i nce the percent removal of Sr did not exceed the level 
of (36.72% removal) and for Cr at best did not exceed the level of (23.75% removal )  in 
both exp riments, it  is concluded that the removal efficiency of Cr and Sr by these 
materials is poor. 
(2) It i evident from the resu lts obtained in Table X that the 1 .0 gram of the above stated 
materials was insufficient dose to complete ful l  removal of Chrom ium. 
(3)  From the results shows in Table XI ,  it  is obvious that the concentrat ion of Chromium 
in the treated wash water sample was sti l l  above the al lowable l im its. 
(4) The results l isted in Table X I I  showed an excel lent reduction of Chromium using a 
mixture of several chemicals, but it was not effect ive for Stront ium removal. 
3.3 Alternative Treatment Techniques and Materials 
Chemical precipi tation operation is known to remove heavy metals from water (Hosseini and 
Mi rbagheri, 2003). I n  this study appl icabi l i ty of chemical compounds such as Calc ium 
Carbonate (CaCO) , Calcium Hydroxide Ca(OH)2, Calcium Ch loride (CaCh), Calcium Sulfate 
(CaS04), Barium Ch loride ( BaCh), Sod ium Carbonate (Na2CO) , Disodium Hydrogen 
Phosphate (Na2HP04) and Tetrasod ium Diphosphate N�(P04h in  removing Chromium and 
Strontium from ready-mi x  concrete wash water were evaluated. 
Wash water sample contain ing Chromium and Strontium were treated with the above cited 
chemical compounds by the fol lowing procedure :  A sample of the ready-mix concrete wash 
water was d ivided into eight portions of equal volumes ( 1 00 mL) in e ight glass bottles (250 
mL with screw cap). Then, 0.5 gram of all above-mentioned chemical compounds was added 
to the pol l uted samples. The sample was then mixed slowly using a shaker for 2 hours to 
create good sample-chemical contact. After th is, they were fi ltered individually using 
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Whatman grade no 42 fi l ter paper. Final ly, the concentrations of Chromium and Strontium in 
the c lari fied olution were detected by Flame Atomic Absorption Spectrometer and the results 
are i l l u trated in Table X l I I .  
A d ifferent set o f  chemicals were tested for treat ing the wash water sample containing 
Chromium and Strontium by precipitat ion. After Chromium removal with barium ch loride, the 
Chromium concentrat ion in treated wash water sample was reduced to the 0.00 mgIL. 
Maximum precipitation occurred with 0.5 gram of barium chloride showing 1 00% efficiency 
in Chromium prec ipitation. The data recorded indicate that the barium chloride is more 
efficient in removal of a l l  Chromium metal in substantial amounts from the wash water. None 
of the other chemical compounds that were used in the treatment were not effective for 
Chromium removal . 
The last three chemical compounds Sodium Carbonate (Na2C03), Disodium Hydrogen 
Phosphate (Na2 HP04) and Tetrasod ium Diphosphate N�(P04)2 were al l effective for 
Strontium removal .  However, the other chemicals were not effective. The maximum removal 
efficiencies in these experiments were obtained with Disod ium Hydrogen Phosphate 
(Na2HP04) showing 99.48% efficiency in  Stront ium precipi tation . These three chemicals were 
selected for their h igh removal capacity of Stront ium.  
A survey on the cost and the avai lab i l i ty of these three chemicals in Dubai market was 
conducted . It is concluded that these chemicals are inexpensive and read i ly avai lable. The 
precipi tation process with Disodium Hydrogen Phosphate can greatly reduce the Strontium 
level in the wash water. So, Disodium Hydrogen Phosphate (Na2 HP04) was selected for 
further Strontium treatment and Barium Ch loride (BaCh) was selected for Chromium 
treatment. 
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Table X I I I : % removal of Cr and Sr by using l i sts of chemicals 
Sr Sr Cr Cr Sample identification imAIL) Removal 0/0 imglL) Removal 0/0 
Untreated wash water (feed) 1 2.208 - 2.042 -
Calc ium Carbonate 1 2.200 0.07 1 .957 4.16 
CaC03) 
Calcium Hyd roxide 
Ca(OHh 
1 2.029 1 .47 1 .936 5 . 1 9  
Calciu m  Ch loride 
(eaCh) 
1 1 .878 2.70 1 .900 6.95 
Calciu m  Sulfate 
(CaS04) 
1 2.044 1 .34 1 .921 5.93 
Barium C hloride 7.787 
(BaCh) 
36. 21 0.00 1 00.00 
Sod ium Carbonate 0.1 46 
J�a2C03) 
98.80 1 .942 4.90 
Di odi u m  Hydrogen Phosphate 0.063 99.48 1 .884 7 .74 
�a2 HP 04) 
Tetrasodium Diphosphate 0.973 92.03 1 .858 9.01 
Na4(P04)2 
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CHAPTER IV 
DESIGN OF TREATMENT METHOD 
D ESIGN OF TREATME NT M ETHOD 
In  this chapter, the selected treatment technique w i l l  be evaluated and optim ized. The effects 
of do age and mixing time on removal efficiency of Chromium and Strontium wi l l  be studied. 
AI 0, stoich iometric analysis and pH stabi l ization wi l l  be discussed. Final ly a conceptual 
de ign of a mal l treatment plant for the ready-mix concrete wash water is proposed. 
4. 1 Dosage Identification 
Chemical precipitat ion is a promising method for removing heavy metals from ready-mix 
concrete wa h water. Disod ium Hydrogen Phosphate (Na2H P04) was selected as a cand idate 
treatment material for Strontium removal wh i le Barium Chloride (BaCh) was selected for 
Chromium removal .  
The removal of Chromium (Cr) and Stront ium (Sr) from ready-mix concrete wash water using 
Bari um Ch loride and Disod ium Hydrogen Phosphate was investigated under different 
experimental conditions such as the effects of the pH and the weights of Bari um Ch loride 
Table X I V  and Disod ium Hydrogen Phosphate Table XV.  A new set of experiments were 
conducted in order to optim ize the treatment cond itions. Weights of 0.05g, O. l Og, 0.20g, 
0.30g, 0.40g, and 0.50 g from each chemical compound were tested with a sample volume of 
1 00 mL. The m ixing time for al l tests was set at 1 20 minutes. The same procedures were 
fol lowed as with that of l ists of chemicals. To calculate the weight of precipitates, this 
procedure was fol lowed. The precipitates were transferred to glass dish then kept overnight in 
drying oven at 70°C. The final weights were calculated by electronic balance. 
According to the analysis results l isted in Table X I V, the pre-treatment analysis gave the 
fol lowing values: Sr 1 2.208 mgIL and Cr 2 .042 mgIL. Removal of Cr was optimized with 5 .0 
gIL of Barium Ch loride, reducing the amount of Cr and Sr by 1 00.00% and 36.2 1 %, 
respectively. 
Table X IV : Removal of Sr and Cr from 1 00 mL wash water sample using Barium Ch loride 
Sam ple Identification Sr Removal% C r  Removal% Weight of pH (m21L) (mglLl Preci pita te, g 
Untreated wash water (Feed) 1 2.208 - 2.041 7 - - -
Treated with 0.05 g BaCh 8.1 51 33.23 1 .2232 40.09 0.051 2 1 2.68 
Treated with 0. 1 0  g BaCh 5.632 53.87 0.7079 65.33 0.1 1 28 1 2 .68 
Treated with 0.20 g BaCh 4.325 64.57 0.0833 95.92 0.2094 1 2.62 
Treated with 0.30 g BaCh 9.952 1 8.48 0.0208 98.98 0. 2340 1 2.60 
Treated with 0.40 g BaCh 1 1 .305 7 .40 0.01 04 99.49 0.2386 1 2.59 
Treated with 0.50 g BaCh 7.787 36.21  0.000 1 00.00 0. 2386 1 2.59 
- �-'------ -
� Table XV : Removal of Sr and Cr from 1 00 mL wash water sample using Disodium Hydrogen Phosphate 
Sample Identification Sr Removal% C r  Removal% Weight of pH 
(m21L) (m21L) Preci pita te, g 
Untreated wash water (Feed) 1 2.208 - 2.041 7 - - -
Treated with 0.05 g Na2HP04 1 2.200 0.07 1 .741 2 1 4.72 0.051 2 1 2.73 
Treated with 0.1 0 g Na2H P04 1 2.1 80 0.23 1 . 7489 1 4.34 0 .1 050 1 2.76 
Treated with 0.20 g Na2HP04 7.808 36.04 1 . 7489 1 4.34 0.1 959 1 2.79 
Treated with 0.30 g Na2HP04 0.593 95. 1 4  1 .7489 1 4.34 0.2402 1 2.79 
Treated with 0.40 g Na2HP04 0.073 99.40 1 .7905 1 2.30 0.2496 1 2.80 
Treated with 0.50 g Na2HP04 0.063 99.48 1 .8842 7.71 0.2496 1 2.8� 
-L-. 
Table X V  shows that it was su fficient to reduce the Strontium concentrations in the wash 
water sample to 0.063 mgIL using as low dosage as 5.0 gIL of Disodium Hydrogen Phosphate. 
The removal percentage of Sr and Cr varied widely among treatments. The maximum Sr 
removal efficiency obtained in the experiment was 99.48% associated with 7 .7 1 % Cr removal 
effic iency. 
Figure 1 3  shows the effect of Barium Ch loride on the removal of Strontium and Chromium. 
Precipitation gradual ly increases from 40.09% to 1 00.00% with increase in Barium Chloride 
do e from 0.5 to 2.0 gIL in the case of Chromium and then became almost constant since al l  
Chrom ium was removed. In order to lower the Chromium below the prescribed 0.05 mgIL 
standards, fu l l  removal is considered and corresponded to optimal dosage of Barium Chloride 
of 5 .0 giL. 
Strontium precipitat ion was found to increase from 33.23 to 64.57% with increase in Barium 
Ch loride dose from 0.5 giL to 2.0 gIL. Then, the precipitation decreased from 64.57% to 
7 .40% with i ncrease of Barium Chloride dose from 2.0 gIL to 4.0 gIL then again the Sr 
removal i ncreased from 7 .40% to 36.2 1 % with an i ncrease of dosage of Barium Ch loride to 5 
gIL. These p lots showed that the Strontium precipitated increased sharply at the beginning 
then strongly decreased and then again increased with h igher Barium Ch loride amounts. 
F igure 1 4  reports the percentage removal of Strontium and Chromium for d ifferent dosages of 
Disodium Hydrogen Phosphate 0.5, 1 .0, 2 .0, 3 .0, 4 .0, and 5 .0 gIL. Analysis of the results 
shows that the precipitation of Strontium increased with increasing the in itial Disodium 
Hydrogen Phosphate dose. The percentage removal of Stront ium increased with increasing 
dosages of D isod ium Hydrogen Phosphate. The max imum precipitation of Sr occurred with 
5 .0 gIL of Disod ium Hydrogen Phosphate (99.48% removal). To lower the concentration of 
Stront ium to below 4.0 mgIL as per EPA regu lations, the optimal dosage of Disodium 
Hydrogen Phosphate is 3 .0 giL. 
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Figure 1 3 : Effect of BaCh dosage on the precipitation of Stront ium and Chromium 
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Figure 1 4: Effect of Na2HP04 dosage on the prec ipitation of Strontium and Chromium 
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hrom ium at the beginn ing precipitated with 0.5 gIL of Disod ium Hydrogen Phosphate then 
the Chromium did not change ign i ficantly with an increase in Disodium Hydrogen Phosphate 
dosages. The Chromium concentrat ion for 5 gIL of Disodium Hydrogen Phosphate was 1 .8842 
mglL. 
4.2 Mixing Time 
The effect of mix ing t ime on removal efficiency of Chromium and Strontium was studied by 
arying the mix ing period from 1 5  to 1 20 minutes, whi le keeping the doses of Barium 
Ch loride 5 .0 giL and Disodium Hydrogen Phosphate 3.0 giL as constant. 
The procedures were as fol lows; 5.0 g of Barium Ch loride and 3 .0 g of Disodium Hydrogen 
Phosphate were mixed together before being added to 1 00 mL of pol luted wash water. Then, 
the samples were shaken for d ifferent intervals of times ( I S , 30, 45, 60, 75, 90 and 1 20 
minutes), after which they were fi l tered using Whatman grade no 42 ti lter paper. The 
concentrations of Chromium and Strontium were measured using F AAS. The results of the 
analyses are shown in Table XV I .  
After conducting a series of  tests, the Chromium and Strontium concentrations in  the untreated 
wash water sample were found to be 2.04 1 7  mgIL and 1 2 .208 mgIL, respectively. Quant i tat ive 
removals of most of the Cr and Sr were obtained within a very short time (about 1 5  minutes). 
The percentage removal of Chromium was 1 00% within I S  minutes of m ix ing time. The 
precipitation equi l ibrium for Chromium was rapidly ach ieved. The precipi tation of Chromium 
and Strontium did not change sign i ficant ly with an increase in mix ing t ime. The results 
ind icate that 1 5  minutes t ime of mix ing was sufficient to ach ieve complete removal of Cr. 
The order of add ition of Bar ium Ch loride and Disodium Hydrogen Phosphate is very 
important to the treatment appl ications. To investigate the effect of the order of add ition of 
these two chemicals on the Chromium and Strontium removal, the fol lowing two sequences 
were tested. For sequence 1 ;  0.5 gram of Barium Chloride was added to the 1 00 mL of the 
sample. The samp les were shaken for 5 minutes. After th is, 0.3 gram of Disod ium Hydrogen 
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Table XVI : Effect of mixing time on qual ity of wash water 
Mixing Time, Sr Sr Removal % Cr Cr Removal 0/0 (min) (mg/L) (mg/L) 
1 5  4.34 64.45 0.00 1 00.00 
30 4.44 63.63 0.00 1 00.00 
45 4.38 64. 1 2  0.00 1 00.00 
60 5.03 58.80 0.00 1 00.00 
75 4.59 62.40 0.00 1 00.00 
90 4.92 59.70 0.00 1 00.00 
1 20 5.47 55. 1 9  0.00 1 00.00 
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Pho phate wa added to the sample and was shaken for two hours. In case of sequence 2; 0.3 
gram of Oi  od ium Hydrogen Phosphate was added to the ] 00 mL of the sample. Then the 
ample were shaken for 5 minute . A fter this, 0.5 gram of Barium Chloride was added to the 
ample and was shaken for two hours. Final ly, the samples were fi l tered and the Chromium 
and trontium were measured by Flame Atomic Absorption Spectrometer. The results are 
presented in Table XV I I .  
Result ind icate that the Chromium was fu l l y  removed in both experiments ind icating that the 
order of add ition is not important for the removal of Chromium. But for Strontium removal, 
equence 1 g ives sl ightly more removal percent (58 .55%) than sequence 2 (57 .08%). As can 
be seen, the Strontium concentration sti l l  remains h igh in both cases. To decrease the 
Strontium concentration, it was suggested to treat the wash water sample with 4.0 gIL of 
Barium Chloride and Oisod ium Hydrogen Phosphate. 
Two tep of treatments were conducted. In step one, 0.4 gram of Disodium Hydrogen 
Phosphate was added to the 1 00 m L  of the sampJe. The sample was shaken for 1 0  minutes 
then fi l tered and the concentrat ions of Chromium and Stront ium were final ly  measured using 
F lame Atomic Absorption Spectrometer. In step two of the treatments, 0.4 gram of Barium 
Ch loride was added to the fi ltrate obtained from step one. The sample was shaken for another 
1 0  minutes and then fi ltered. F inal ly, the concentrations of Chromium and Strontium were 
measured using F lame Atomic Absorption Spectrometer Table XVU I .  
Table X V I I I  shows the results obtained from two steps o f  treatments. The original 
concentrat ions of the Strontium and Chromium in the untreated wash water sample were 
1 2 .208 mg/L and 2.04 1 7  mg/L, respectively. A fter treating the wash water with 4.0 gIL of the 
Disod ium Hydrogen Phosphate, the concentrations were decreased to 0.05 1 0  mg/L and 1 .6580 
mg/L, respectively.  A lso, Table XVI I I  presents the qual i ty of the wash water sample after 
completion of the treatment process. The percentage removal of the Strontium and Chromium 
were 98.68% and 98.73% respectively. The s l ight i ncrease of Stronti um in the water after 
treatment with Barium Chloride may be attributed to its l ight release from the developed 
sludge associated with sl ight change of pH.  
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Table XVI I : Effect of the order of addition of Barium Chloride and Disodium 
Hydrogen Phosphate on the removal of Chromium and Strontium 
a m ple De cri ption 
Sr Sr Removal % Cr Cr Removal % (mgfL) ( mglL) 
Sequence1 (first Bari um 
Ch loride then Disodium 5.06 58.55 0.00 1 00.00 
Hydrogen Phos phate) 
Sequence 2 (first Disod ium 
Hydrogen Phosphate then 5.24 57.08 0.00 1 00.00 
Bari um C hloride) 
Table XVI I I  : Strontium and Chromium residuals for 1 0  minutes mixing time 
Sr Sr Removal % Cr Cr Removal % 4.0 gIL D isod ium Hyd rogen (mgfL) (mgfLl 
Phosphate addition 
0.051 0 99.58 1 .6580 1 8.79 
Sr Sr Removal % Cr Cr  Removal % 4.0 gIL Barium C h loride (mgfL) lm�fLl 
addition 
0. 1 6 1 5  98.68 0.0260 98.73 
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The final concentration of tront ium and Chromium in  the treated wash water sample were 
0. 1 6 1 5  mg/L and 0.0260 mg/L respectively, which are below the al lowable l imits of the 
en ironmental tandard for water. 
Th i work c learly ind icates the potential of using Barium Ch loride and Disodium Hydrogen 
Pho phate for the removal of Chromium and Strontium from wash water sample. 0.4 gram of 
both Chemical compounds for each 1 00 mL of wash water was found adequate to remove 
98.73% of the Chromium and 98.68% of the Strontium.  These results indicate that 4.0 gfL of 
Barium Chloride and Disod ium Hydrogen Phosphate could be an effective option to reduce 
Chromium concentration to environmenta l ly  acceptable levels. In this study, it was also found 
that a t ime of 1 0  m inutes was sufficient for prec ipitation to reach equ i l ibri um. 
4.3 Stoichiometric Analysis and pH Stabilization 
I n  this section, the variation of total d i ssolved sol ids, heavy metals, an ions and cations due to 
the appl ied treatment is evaluated. Table X I X  presents the i nfluence of the addit ion of Bari um 
Ch loride and D isod ium Hydrogen Phosphate on the total d issolved sol ids. It is ev ident that the 
total d issolved sol ids increased after add ition of Barium Ch loride (4794 mgfL). 
Comparison of heavy metals concentrations before the treatment and after each process of the 
treatment is shown in  Table xx. The concentrat ions of heavy metals such as Zn, N i ,  Cu, Cd, 
and Pb decreased after add it ion of Disodium Hydrogen Phosphate and Barium Ch loride. The 
in i t ial concentrat ion of the Lead was 0.604 mgfL and after completion of the treatment it 
decreased to 0.0040 mgfL. 
Table X X I  shows comparison of cations concentrations before the treatment and after each 
process of the treatment. The Barium concentration gradual ly increased after addit ions of 
Barium Ch loride with 1 63 . 1 3  mg/L, because of the addit ion of Barium Ch loride. The Sodium 
concentration i n  the fresh wash water sample was 488.07 mgfL. After add ition of the 
D isod i um Hydrogen Phosphate, it increased to 1 1 1 0.79 mg/L. It is concluded that the addition 
of the D isodium Hydrogen Phosphate increased the sodium concentration in  the wash water 
sample. 
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Tab le XX I I  presents comparison of anions concentrations before the treatment and after each 
proce s of the treatment. The concentrat ion of Chloride ions after treatment with Barium 
Ch loride increased to 1 420 mglL due to the addition of Barium Ch loride. No spec ificat ions on 
the pre ence of the cations and anions in the wash water were avai lable in the Dubai 
Munic ipal ity records. 
The Total Hardne s (TH) for the untreated wash sample was 1 1 50 mglL. The Total Hardness 
(TH) for the ample after treatment with Barium Chloride was found to be 75 mgIL. The pH 
condition of the wash water is an extremely important factor in the qual ity of the water 
obtained from the treatment. The wash water from ready-m ix concrete truck drum contains 
h igh pH levels. H igh ly alka l ine wash water is caustic and considered to be corrosive. The 
ready-mix concrete wash water sample with h igh pH may be classified as special waste and 
require special handl i ng. The pH for the original wash water sample was 1 2.28. The present 
investigation evaluates the use of CO2 bubbl i ng for lowering the pH readings. To lower the 
pH, the fol lowing procedures were fol lowed; one gram of D isodium Hydrogen Phosphate was 
added to 250 mL of the fresh wash water sample and was shaken for 1 0  minutes. Then, 0.8 
gram of Barium Ch loride was mixed with 200 mL of the fi ltrate and was also shaken for 1 0  
minutes. Final ly, 1 70 m L  of the fi ltrate obtained from the previous processes was placed in 
250 mL cyl inder and was connected to a CO2 cyl inder. CO2 was bubbled for 10 minutes at a 
flow rate of 4 Llmin .  
Table XXI I I  shows the effect of CO2 bubbl ing on the pH value. The h igh pH in the treated 
wash water decreased read i ly once in contact with C02 bubb l ing and the pH decreased from 
1 2 .28 to 5 .87.  Lowering the pH of the wash water by addition of acids ( i .e. sul furic acid) were 
not considered because they may contribute to the amounts of ions in  the wash water sample. 
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Table X I X : Comparison of total di ssolved sol ids before the treatment and 
after each process of the treatments 
am ple Description Concentrations (mg/L) 
T D S  - Before the treatment 41 06 
T O  - After treatment with (Na2H P04) 4 1 80 
T DS - After treatment with (BaCb) 4794 
After bu bbling with CO2 2740 
6 1  
0'1 tv 
Table XX : Comparison of heavy metals concentrations before the treatment and after each process 
of the treatment 
Meta l concentrations (mgIL) 
Sample Description 
Zn Ni Cu Cd Pb Cr Sr 
(mglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mgIL) 
Wash water before the treatment 0.026 0.0464 0.0235 0.04 1 0.604 2.59 1 1 0.345 
After treatment with (Na2HP04) 0.0050 0.0029 0.0023 0.000 1 0.0055 1 .9038 0.0409 
After treatment with (BaCh) 0.0007 0.0028 0.0009 0.0000 0.005 1 0.0025 0.0098 
After bubbling with CO2 0.0004 0.00 1 9  0.0003 0.0000 0.0040 0.0022 0.0093 
---
0\ w 
Table XXI : Comparison of cations concentrations before the treatment and after each process of the 
treatment 
Cations concen trations (mglL) 
Sam ple Description AI Ba Ca Fe K Na 
(mg/L) (mgIL) (mg/L) (mg/L) (mg/L) (mgIL) 
Wash water before the treatment 0.2900 0.2229 772.58 0.009 473.65 488.07 
After treatment with (Na2H P04) 0.2925 0.2677 2.0832 0.0 1 2  474.56 1 1 1 0.79 
After treatment with (BaCh) 0. 1 800 1 63. 1 3  0.0247 0.006 473. 1 0  1 088.44 
After bubbling with CO2 0. 1 790 1 53.00 0.02 1 0  0.005 472.00 1 065. 1 0  
0'1 � 
Table XXII  : Comparison of anions concentrations before the treatment and after each 
process of the treatment 
Anions concentrations (mg/L) 
Sample Description 804 - - el " He03 - e03 -- OH -
(mgfL) (mgfL) (mgfL) (mgfL) (mgfL) 
Wash water before the treatment 685 88 0 90 650 
After treatment with (Na2H P04) 640 355 0 5 1 0  20 
After treatment with (BaCh) 5 1 420 0 50 425 
After bubbling with CO2 5 1 4 1 0  0 46 4 1 9  
--------
-
Table XXII I : Comparison of pH values before the treatment, after each process of the 
treatment and after bubb l ing with carbon dioxide gas 
pH - Before the treatment 1 2.28 
pH - After treatment with (Na2 H P04) 1 2.05 
pH - After treatment with (BaCh) 1 1 .86 
pH - After bubbling with CO2 5.87 
I 
4.4 Settling Conditions and Need of Settling Tank 
ett l ing can be defined as a physical separation process of d i fTerent phases in a mixture. 
ett l ing time is the al lowed time for d ifferent partic le sizes to settle out of suspension . This 
study examines the ett l ing characterist ics of the treated wash water sample under control led 
laboratory condit ions. The effect of time on sett l ing and the sett l ing velocity were studied. The 
ettl ing behavior of treated wash water sample was observed through sett l ing tests. The 
fol lowing procedures were used. In one experiment, 1 00 mL of the untreated wash water 
sample was placed in conical flask ( 1 00 mL) .  0.4 gram of Dis  odium Hydrogen Phosphate was 
added to the con ical flask. Then, the mixture was shaken for 1 0  minutes and then the mixture 
was left to ettle down in  graduated cyl inder. Same procedures were repeated with 0.4 gram of 
the Barium Chloride. Final ly, the height of the turbid solution with t ime was recorded. 
F igures 1 5  & 1 6  depict the evaluation of settled sludges with t ime. This includes the heights of 
sett led sludges of Disod i um Hydrogen Phosphate and Barium Chloride m ixtures after 30 and 
1 200 minutes. The graduated cyl inder with symbol A represents the heights of settled sludges 
of Barium Ch loride mixtures, whereas the graduated cyl inder with symbol B represents the 
heights of settled sludges of Disod ium Hydrogen Phosphate mixtures. Table XXIV reports the 
heights of the turbid sol ution at these time instants 30, 60, 90, 1 20, 1 50, 1 80, 2 1 0, 240, and 
1 200 minutes. A fter 1 50 minutes of elapsed time, the height of sett led sludges of Disodi um 
Hydrogen Phosphate was 50 m L, whi le the cyl inder of Barium Ch loride was not clear and has 
some turbidity and become clear after 24 hours. A fter 1 200 minutes of elapsed t ime, the height 
of Disodium Hydrogen Phosphate was 20 mL.  I t  was observed that at the beginning of the 
experiments the mixtures were extremely  turbid . These resul ts show that the settl i ng velocity 
was very smal l  and the partic les need long time to settle. Therefore, the results reveal the need 
of having settl ing tanks fol lowing the mixing process. 
4.5 Generated Sludge 
The sludge quant ities generated by these processes are smal l .  The mass of sludge for 1 00 mL 
of wash water sample after mixing and precip i tation was about 1 gram in the Disod ium 
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Hydrogen Phosphate as wel l  as in the Barium Ch loride case. Furthermore, sed imentation in 
Oi od ium Hydrogen Pho phate process was faster than that in the Barium Chloride operat ion. 
A fter complet ion of the ett l ing proces , the sludge was separated from the graduated cylinder 
by fi ltration with Whatman grade no 42 fi lter paper and then dried at 70°C overnight in drying 
oven. To regenerate the heavy metals from the generated sl udge, concentrated nitric acid and 
hydrochloric acid were added to the sludge to dissolve and extract the heavy metals. The 
l udge generated from the Barium Ch loride operat ion did not dissolve in concentrated nitric 
and hydroch loric acids. 
Table XXV shows the heavy metals concentrations in the sludge after addit ion of Disodium 
H drogen Phosphate. The concentrat ions of Zn Ni ,  Cu, Cd, Pb, Cr, and Sr were found to be 
0.0 1 93 mg/L, 0.0040 mgIL, 0.00 1 0  mgIL, 0.0002 mgIL, 0.0009 mgIL, 0.0268 mgIL, and 
4.2429 mgIL, respectively. Table XXVI  presents cations concentrations in  the same separated 
sludge. The cations concentrations of the A I ,  Ba, Ca, Fe, K,  and Na in the extracted l iquid 
from the sludge were 0.0304 mgIL, 0.8478 mgIL, 1 1 .2525 mg/L, 0.0200 mgIL, 9.642 1 mgIL 
and 1 7 .6857 mg/L respectively. 
4.6 Conceptual Design of Treatment Plant 
The optimum experimental condit ions, derived from the aforementioned resu lts, are presented 
briefly i n  this section. The optimum dosage of the Disodi um Hydrogen Phosphate and Barium 
Ch loride were found to be 0.4 gram and the mixing t ime was 1 0  minutes. After optimizing the 
process operating conditions of the wastewater treatment unit, the treated wastewater can meet 
the discharge regulated l imits. 
A typical ready-mix concrete wash water treatment plant process is proposed in Figure 1 7. 
The four primary components of a conceptual treatment plant are the col lecting � the two 
mixing tanks and the sett l ing tank. The col lecting tank is the interface between the engineered 
system and the ready-mi x  truck wash water sample. 
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Figure 1 5 : Heights of (A) BaCh & (B)  a2HP04 mixtures after 30 minutes of elapsed t ime 
F igure 1 6 : Heights of (A) BaCh & (B) Na2HP04 mixtures after 1 200 minutes of elapsed t ime 
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Table XXIV : Variation of sludge height with time 
-,-
Time Sludge for C h romium Sludge in Stront ium 
(min utes) Precipitation (mL)  Precipitation (mL)  
30 98 m L  97 mL 
60 95 m L  93 m L  
90 90 m L  7 3  mL 
1 20 90 m L  59 m L  
1 50 The solu tion sti l l  has 50 m L  
180 some tu rbid ity and 45 m L  
2 1 0  become clea r after 2 4  h 40 m L  
240 38 m L  
1 200 20 m L  
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Table XXV : Heavy meta ls concentrations in the sludge generated with Sr precipitation 
Metal concentrations (mg/L) 
Sample Description 
Zn Ni Cu Cd Pb Cr 
(mgfL) (mglL) (roglL) (mglL) (roglL) (mgIL) 
After treatment with (Na2H P04) 0.0 1 93 0.0040 0.00 1 0  0.0002 0.0009 0.0268 
-
Table XXVI : Cations concentrations i n  the sludge generated with Sr precipitation 
Cations concentrations (mg/L) 
Sample Description 
AI Ba Ca Fe K Na 
(mg/L) (mg/L) (mgfL) (mg/L) (mg/L) (mgIL) 
After treatment with (Na2HP04) 0.0304 0.8478 1 1 .2525 0.0200 9.642 1 1 7.6857 
�-
Sr 
(mglL) 
4.2429 I 
The col lect ing tank is used to settle and concentrate most of the particular material to the 
bottom of the tank as primary sludge. The first m ixing tank is for the add ition and mixing of 
Disod ium Hydrogen Phosphate and the second m ixing tank is [or the add ition and mixing of 
Bari um Ch loride. The Carbon Dioxide gas cyl inder is  connected to the effluent of the second 
mi ing tank to inject the CO2 gas in order to lower the pH. In the settl i ng tank the fluid 
velocity i very low and the partic les have enough t ime to sett le down to the bottom of the 
ettl ing tank as secondary sludge. A fter sett l ing, the supernatant clean water can be reused. 
The sett l ing tank must be c leaned out periodical ly and the col lected waste should be hau led to 
the dump. The proposed treatment scheme offers an acceptable solution to removing 
Chromium and Stront ium from the wash water generated by the ready-mix concrete truck. 
Onsite wastewater treatment system design s  vary according to the s ite and the requirements. 
About 58 ready-mix concrete batch ing plants were ident ified operating in Emirate of Dubai 
with an average of 35 truck mixers. Assuming the maximum amount of water used per day for 
wash ing would be 1 50 L per truck. The maximum wash water generated from each company 
per day 1 50 L * 1 Company * 35 trucks = 5250 L, when the plant is operat ing at maximum 
capacity. The wash water treatment plant i s  with a total capacity of a maximum of 5 .250 cubic 
meter of wash water per day. 
To calculate a rough estimate of the operating cost, the masses of Disodium Hydrogen 
Phosphate and Barium Chloride are calculated for the estimated plant capacity. This produces 
2 1  K i lograms of Disodi um Hydrogen Phosphate and 2 1  K i lograms of Barium Chloride. 
According to the chemicals cost survey, the cost of one k i lograms of Barium Ch loride is 1 05 
Arab Emirates Dirhams, wh i le  the cost of one k i lograms of  Dis odium Hydrogen Phosphate is 
84 Arab Emirates Dirhams. Then, if  we need 2 1  k i lograms of Barium Ch loride dai ly, the cost 
wi l l  be 2205 Arab Emirates Dirhams. I n  case of Disodium Hydrogen Phosphate the cost wi l l  
be  1 764 Arab Emirates Dirhams dai ly  bases. The total operat ing cost approximately wi l l  be 
3969 Arab Emirates Dirhams per day. 
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Figure 1 7 : Conceptual design of treatment plant 
CHAPTER V 
SUMMAR Y AND CONCLUSION 
SUM MARY AND CONCLUSION 
The major environmental is ue with ready-mix concrete product ion around the world is water 
pol l ution. The wa h water generated from ready-mix concrete trucks is extremely alkal ine and 
contains sign i ficant quantities of heavy metals. 
The object ive of the present study was to quant ify  the heavy metal concentrat ions in wash 
water generated from ready-m ix  concrete truck. The present work also analyzes the 
conventional water qual ity parameters for the wash water such as pH, color, total d issolved 
o l id (TDS), and total suspended sol ids (TSS).  The study aims to design smal l  onsite 
treatment plant that i s  consistent with best practices to remove heavy metals from wash water. 
The resu l ts can be used as reference background for future development in the ready-mix 
concrete plants and in  solv ing some water qual ity-related problems. 
The cement sample was col lected from National Cement Company in  Dubai while the cement 
chemical addit ives were col l ected from Al Gurg Fosroc L LC in Duba i .  A l l  the selected 
materials were del ivered to the ready-mix concrete batch plant, after which al l  of the 
components were d ischarged i nto the truck drum.  Prior to lab analyses, the ready-mix  concrete 
wash water sample from the truck drum was kept and stored in two big plastic gal lons. The 
concentrations of heavy metals, cations and anions i n  the prepared wash water sample were 
est imated by Flame Atomic Absorption Spectrometer. 
The concentration of Chromi um in the wash water samples was very h igh (2.59 1 mg/L). The 
presence of Chromium in h igher concentration was d i rectly associated with the production of 
cement. The Stront ium was found in the analyzed sample with h igh concentration as wel l 
( 1 2.255 mg/L). 
The concentrations of calcium, sodium and potassium in  the wash water were 772.58 mg/L, 
488.07 mgIL and 473 .65 mgIL respectively. The concentrations of ch loride, and su lfate ions in 
the wash water were 88 mgIL and 685 mgIL respectively. A lso, the hydroxide ion 
concentration was found to be 650 mgIL. 
The wash water i s  frequently trongly alkal i ne with pH values general ly over 1 3 . The analyzed 
wash water sample contains a h igh level of total d issolved sol ids (TDS) equals to 5890 mgIL. 
The wash water ample is high ly turbid. After sett l ing, the color of the mixtures was 
ye l lowish . The ready-mix concrete wash water sample was characterized by h igh levels of 
total hardnes (TH) equal to 1 1 50 mg/L. Therefore the wash water sample generated from 
ready-mix concrete truck drum is  considered as very hard water. 
The methods currently used for removal of heavy metals from i ndustrial wastewater inc lude 
chemical precipitation, ion exchange, reverse osmosis, electrochem ical treatment, coagulat ion, 
bio orption processes, evaporation, membrane fi ltration, electrod ialysis, solvent extract ion and 
adsorption. A number of materials have been studied for their capacity to remove toxic heavy 
metals, including cationic res in, commercial granu lar activated carbon, bentonite (saroog), fly 
ash, ch lorel la pyrenoidosa alga, immobi l ized algae beads, carpentry sawdust, fish scale, 
Barium Chloride, Calc ium Carbonate, Calcium Hydroxide, Calc ium Chloride, Calcium 
Su lfate, Sod ium Carbonate, Disod ium Hydrogen Phosphate and Tetrasodium Diphosphate. 
From that long l ist of materials and compounds, D isod ium Hydrogen Phosphate (Na2HP04) 
was selected for Stront ium treatment and Barium Ch loride (BaCh) was selected for Chromium 
treatment. 
After Chromi um removal with Barium Chloride, the Chromi um concentration in treated wash 
water sample was reduced to the 0.0260 mg/L showing more than 98 .73% efficiency in  
Chromium precipitation. The maximum removal efficiencies of Sr with Disodium Hydrogen 
Phosphate (Na2HP04) was 99.68%. 
Dosages of 4.0 gIL for both chemical compounds were found adequate to remove 98.73% of 
the Chromium and 98.68% of the Stront ium in  the wash water. Optimum m ix ing time for both 
chemical compounds was found to be 1 0  minutes. 
The pH of the treated wash water was adjusted using CO2 bubbl ing. The high pH in the treated 
wash water decreased readi ly once in  contact with CO2 and the pH read ing decreased from 
1 2.28 to 5 .87.  
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The sett l ing behavior of treated wash water sample including the effect of time on sett l ing and 
the ett l ing velocitie were studied by the sett l ing experiments. The resu lts showed that the 
sett l ing velocity for the sludge generated with Barium Ch loride is very slow and requires 
about 24 hour to ett le down. Such velocity l imits the design of the sett l ing tank required in  
the process. 
The sludge quant it ies generated by these processes are smal l .  The mass of sludge for 1 00 mL 
of wash water sample after m ixing and precipitation was about 1 gram in the case of Dis odium 
Hydrogen Phosphate as wel l  as Barium Chloride. 
An on site wash water conceptual treatment plant design may consist of four prImary 
components. This i nc ludes a col lecting tank, two mixing tanks for mixing the Barium Ch loride 
and the Disod ium Hydrogen Phosphate, and a sett l ing tank. Carbon Dioxide should be 
ingested at the effluent of the second mixing tank. 
Based on the above-mentioned results, the fol lowing conclusions were reached : 
I .  The level of Chromium and Strontium in  the wash water were 2.094 mgIL and 1 2.255 
mgIL respectively, which are above the permissible l imi ts. 
2. The h igh concentration of Chromium in  the wash water samples of the study is mainly 
due to cement production process. 
3. The Barium Ch loride holds great potential to remove the Chromium from the wash 
water generated from ready-mix concrete truck where the Chromium was reduced to 
less than 0.05 mg/L. 
4 .  The Disodium Hydrogen Phosphate was considerably effective in remov ing Strontium 
(Sr) from wash water where the Strontium (Sr) dropped to less than 0.5 mgIL. 
5 .  An optimum dosage o f  4.0 gIL was found for both Disodium Hydrogen Phosphate and 
Barium Ch loride for Sr and Cr precipitation; respectively. The optimum mixing t ime in 
both cases was 1 0  minutes. 
6. Carbon Dioxide gas bubbl ing was found considerably effective in  lowering the pH to 
less than 6.0. 
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7 .  The mas of sl udge in both precipitation processes was identical ( 1  gi l 00 mL). 
8 .  The settl ing velocity in case of Strontium precipitation was much faster than that with 
hromium prec ipitat ion. 
9. Comparing the exist ing hand l i ng and treatment practices i n  Dubai and the proposed 
wa h water treatment plant, it is concluded that the proposed system used two chemical 
compounds to lower the concentrations of Chromium and Strontium in the wash water 
ample in stead of using three chemical compounds to lower only the Chromium 
concentration. Moreover, the proposed system minim izes the operat ing cost since it  
consists of four primary components instead of having six chambered tanks. 
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